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INTRODUCTION* 


The object of this book is to instruct mo- 
tormen in the proper handling of the differ- 
ent electric equipments now being used by 
electric railway companies throughout the 
entire world. 

Enormous strides have been made in electric 
railway construction in the last five years, 
and it is obvious that in a few years steam 
rail-roading will be a thing of the past. 

Experienced engineers have given out de- 
tailed calculations which plainly shows, that 
the adoption of electricity as the motive 
power of all trains on one of the leading 
railroad systems of this country, would mean 
a saving to that system in operating expenses 
alone of not less than six million dollars 
annually. If this be correct, and indeed it 
seems plausible enough, then electricity will 
supersede steam over this entire continent 
within a few years. It is estimated that over 
one hundred million dollars are invested 
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annaally in building electric railways, so that 
competent motormen will always be in de- 
mand. To become competent, a motorman 
should always be on the alert and intelligently 
associate himself with the workings of his 
car, and whenever anything happens to his 
car he should ascertain what the trouble is 
and whether it could have been avoided or 
not. 

Oftentimes, a car has to be towed to the 
car house, whereas if the motorman was 
acquainted with the different connections he 
could have made temporary repairs so as to 
finish his day^s work or until he got to the 
car house. If he lacks the knowledge to 
accomplish this, he must let it alone. If, 
however, he can make temporary repairs in 
a hurry so as not to inconvenience the patrons 
of the line, he certainly paves the way for his 
own advancement. 

The position of motorman is one of much 
importance, as every motorman is responsi- 
ble for the safety of his car and passengers, 
also for the lives of the people crossing the 
street immediately in front of him. He must 
be quick to think and act, and this comes not 
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Only from experienc^j in handling cars, bnt 
also from an intelligent understanding of the 
power under his control. 

In some cities motormen now have to pass 
an examination before they are allowed to 
operate a car, and when this shall have be- 
come general, as it undoubtedly will in time, 
a man will not be allowed to run a car 
through the cit}’' unless he has a license and 
is thoroughly conversant with the workings 
of the car. 

This book has been gotten up in as plain 
and as simple a manner as possible, so that 
any one can readily understand every word 
contained between its covers, and under- 
standing it would certainly make him com- 
petent to pass any examination that would 
be required of him to become a motorman. 

It is made in a convenient form, so as to be 
carried in the pocket, and can be referred to 
at any time. 



RHEOSTATIC METHOD. 

The first system that will be considered is 
the Rheostat System, which is now practi- 
cally out of existence. The idea of a rheo- 
stat is a device for controlling the electric 
current and for diminishing or increasing its 
flow, and therefore the work which it does. 
The office of a rheostat as used to start up 
an electric motor is similar to that of a 
steam valve on a steam engine ; that is, it is 
simply used to give a gradual admittance of 
the current to the motor, and is usually cut 
entirely out of circuit as soon as the motors 
reach their maximum speed. The necessity 
of the rheostat can be explained by carrying 
the analogy of the steam valve a little far- 
ther. The construction of the motor is such 
that when it is at rest the full admittance of 
the current would destroy it, just as the full 
admittance of the steam to the steam engine 
cylinder would be almost sure to strain or 
break some of its parts. 

The plan upon which all rheostats are con- 
structed is such an arrangement of electrical 
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conductors of greater or lesser resistance that 
they may be readily thrown into circuit. 

Different makers differ in the mounting and 
the way of connecting the circuit, yet the gen- 
eral principle of their construction is the same. 

In the T. H. rheostatic method of control, 
the motors are connected permanently in par- 
allel, which means that the current is divided, 
one branch passing through each motor. If 
a pressure of 500 volts were directly applied 
to any motor, it would have a tendency to 
strip the gears and pinions, and possibly to 
short circuit field coils, and armature, and 
also to carbonize the brush holder yokes. 

You will readily understand, therefore, the 
necessity to temper or reduce this pressure 
and apply to each motor at the start less 
than half the total voltage, gradually increas- 
ing the pressure or voltage, thereby increasing 
the speed of the car until it reaches its maxi- 
mum speed. 

There are two types of rheostats, known as 
the D-51 and the D-81, manufactured by the 
T. H. Electric Company. The D-51 rheostat 
is semi-circular in shape while the D-81 is of 
a circular shape. 



The type D-51 is composed of an if on frame 
with a recess for inserting the resistance 
plates, and also in connection with these are 
placed the sliding contact plates, these plates 
are in a series connection with a certain 
amount of resistance allowed, terminating 
and connecting with a contact plate on 
which is connected a wire leading to the field 
circuit of motors. Also exterior, in the rheo- 
stat body or frame, is another contact plate 
on which is connected a wire leading to the 
field circuit. The first of these wires is called 
the end wire, and the second wire is called 
the loop wire. 


T. H. RHEOSTAT TYPE $1 U. 




The end wire connects with the entire field 
circuit while the loop wire cuts out a portion 
of that circuit. When the end wire is in cir- 
cuit the motor is at its full field strength, 
but when the loop wire is placed' in circuit 
the field strength is reduced about one-half, 
which allows an increase of speed held w’^ith 
the armatures. 

The type D-81 rheostat is the one used 
practically by the surface railway systems of 
the present day, where used at all, but the 
more modern controlling devices are fast 
taking their place on account of economy in 
consumption of power, as well as cost of 
maintenance. 

, As previously stated, the D-81 is circular in 
shape, at the centre of which is placed a steel 
spindle which is insulated from the frame by 
a vulcabestos bushing. Attached to the spin- 
dle is an arm which extends out far enough 
to cover the conductors or sliding contact 
plates of the rheostat, at the end of which is 
attached the sliding contact shoe, which is, 
when operated, placed in metallic connection 
with the sliding contact plates of the rheo- 
stat. The rheostat arm is propelled or moved 
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around by what is known as the rhebstat 
drum or pulley. This drum is composed of 
wood usually, on the bottom side of which is 
attached a U-shape casting, which is ex- 
tended so as to secure the rheostat arm for 
operation. 

t^he rheostat is controlled by what is 
known as the rheostat cables which are at- 
tached to the rheostat drum and secured by 
a staple. This cable has one complete turn 
around the drum, the ends of which are at- 
tached to sprocket chains. The other part 
of the cable circuit is called the floating 
cable, the ends of which are attached to the 
opposite ends of the sprocket chains. The 
cable is operated by what is called the 
sprocket wheel, the cogs of which mesh with 
the sprocket chain. The sprocket wheel is 
operated by a spindle which extends from the 
top to the bottom of the controller’s stand, 
the spindle being operated by an ordinary 
crank handle. 

The rheostat just described was the first 
type of resistance used in connection with 
street railway motors in the earlier day of 
electric railway motors. 
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T. 11. S. R. G. MOTOR 


The rheostats of the present day are of a 
different type and build and they are com- 
posed of a long strip of annealed band iron 
which is placed up in layers, each layer being 
insulated from each other by asbestos or 
mica which when formed is known as a 
panel of resistance. The number of panels 
usually placed in a rheostat frame are six in 
number, each one having a certain amount of 
resistance, and are placed in series connec- 
tion with terminal binding posts, attached 
for connecting rheostatic wires from the 
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controller which cut in certain sections, rep- 
resented by its individual wire. One type is 
known as the block type of rheostat while 
other types are of a cylindrical shape, but 
the office of each is identical. 

CONTROLLERS* 

The controller is probably the most 
important and to a certainty the most 
complicated part of an electric car equip- 
ment. 

Its position is always at the outer end of 
the car platform and through its mechanism 
the current is led to the motors and resistance, 
thereby producing the several combinations 
to determine the several speeds which the car 
shall take. In stating that the position of 
the controller is always at the platform end, 
I mean at the present time, as I remember 
some years ago when the Vanderpoele system 
was in use that the motor and starting box 
was inside of the car at about the centre. 
The car was propelled by means of a sprocket 
chain running from a sprocket wheel on the 
armature shaft to a sprocket wheel on the 
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car axle. There has been three distinct types 
or methods of control which have been put 
into use in connection with the propulsion of 
cars. The first that was used to any extent 
was that of the Sprague system. In this sys- 
tem the field coils were divided into several 
sections and these sections, together with the 
armatures, formed the several steps or com- 
binations which were to vary the speed. The 
second form is that in which the field and 
armature circuits remain unchanged, while a 
heavy resistance is placed in circuit with them. 
The resistance method of control Is the sim- 
plest of any which has at any time been 
adopted, and by it an almost perfect control 
is had over the speed of the car. By this 
method the car can be started and its speed 
increased up to the limit very gradually, and 
without any perceptible jar whatever, and at 
all times, except when at full speed, the entire 
current used in propelling the car passes 
through more or less of the resistance, which 
causes a considerable loss of current, and it is 
owing chiefly to the loss of power that it has 
been succeeded by the series parallel method 
of control. 
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Of the many types of controllers which are 
manufactured by the General Electric Com- 
pany, the types known as the Type K, K-1 , 
K-2, K-10, and K-11 are the types generally 
used by street railway companies, and, most 
especially at the present date, the two latter 
types, K-10 and K-11, are the ones generally 
adopted. The types K and K-1 are identi- 
cal except in the build of the connection 
board, the difference being that in the type 
K each lead wire of cable is secured to 
binding post of connection board by means 
of a crow-foot terminal, and secured to the 
binding post by a nut; while in that of type 
K-1 the connection board is equipped with 
socket binding post, and each lead of cable 
is secured in socket by means of a set 
screw. The type K or K-1 controller is so 
constructed as to cut in a resistance, exterior 
to the motor circuit, in the application of the 
power, and is divided into seven separate sec- 
tions and are known as operating positions, 
of which the first, second and fifth are called 
rheostatic positions, meaning that the rheo- 
stat is in connection with motor circuit; 
while the third and sixth positions are 
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known as safe running positions, meaning 
that there is no resistance connection with 
motor circuit, the current being direct to 
motors; also the fourth and seventh posi- 
tions are safe running positions, and are 
known as shunt positions, meaning that a 
portion of the current is shunted from each 
motor^s field circuit, which allows an in- 
crease of speed excessive to that of the third 
and sixth positions. These two positions 
should never be used in ascending a heavy 
grade, or for long, continuous heavy hauling 
with motors. The types K, K-1 and K-2 
are practically identical, except that the 
type K-2 is arranged for one more section of 
resistance than the type K or K-1, which re- 
quires one more connection and contact in ad- 
dition to that found in the type K and K-1, so 
that a description of the K-2 will also apply 
to the K or K-1 controller. The K-2 con- 
troller has two cylinders, one the controlling 
cylinder and the other the reverse cylinder. 
The controlling cylinder extends from the 
top downwards and consists of segments of 
circles, which are known as contact plates of 
which there are twelve divisions. At the left 
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of cylinder are the twelve contact wipers or 
fingers of the controlling cylinder, while to 
the right is the reversing cylinder and its 
eight wipers or fingers. At the bottom of 
the controller and on the left side are the two 
cut-out switches, number one to the left and 
number 2 to the right, and the raising of 
either one cuts out either motor as may be 
desired,— that is, to cut out motor number 1 
raise the large switch at the left, and to cut 
out motor number 2 raise the smaller one 
which is the one on the right side. In raising 
either switch be sure and raise it up as far 
as it will go. The raising of either switch 
automatically sets a stop, which prevents 
the cylinder from being turned beyond the 
proper point which is the fifth position. At 
the bottom and to the right is the main con- 
nection board with all the cable terminals 
coming up through the floor of the platform 
and up into the bottom of the controller. 
Just above the connection board is located an 
electro-magnet, designed for blowing out the 
arcs formed at the contact wipers or fingers. 
This magnet is connected in on the main 
circuit, and all the current which is consumed 



by the motors at any time first passes 
through this magnet, so that the heavier 
the current and the consequent tendency 
to arc, the stronger is the magnet and its 
corresponding power for blowing out the 
arc. One pole of the magnet is hinged and 
swings out from the controller and leaves the 
contact fingers exposed. When closed this 
pole is directly over the contact fingers, 
the other pole is the iron casting at the back 
of the controller case. The reversing cylinder 
is simple in its construction and can be easily 
got at when the cover of the controller is 
thrown back. The controller covers should 
always be kept tight, to exclude dust and 
water, and it is a motorman’s duty to report 
the defect to the man in charge in case he 
finds one open, so that the defect may be 
remedied. When dust gets in these con- 
trollers . it diminishes the life of the contact 
fingers, as it gets between the fingers and 
contact plates, which has a tendency to cut 
the same ; and if water gets in it is still more 
destructive, as it is liable to ground the con- 
troller, which would result in it having to be 
taken out of service. Cars with grounded 
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controllers are usually pushed or towed into 
car house, because if you try to operate your 
car by the opposite controller the current 
will back up in the grounded controller and 
possibly produce a heavy arc. To prevent 
this you should open the controller cover, 
and you will see on the connection board 
where it is blackened up and charred. You 
should disconnect all the wires on the board 
where the ground is, and be sure as you dis- 
connect them to clear them away from the 
controller and from each other, or they will 
produce a short circuit or heavy arc again. 
If on starting up you should still find that 
the current backed up it w’^ould only take a 
short while to disconnect them all ; then you 
would be safe to run from the other control- 
ler, but do not forget to separate the wires. 
The reversing handle cannot be taken off or 
put on except in the mid or neutral position, 
which is a good feature, as all of the connec- 
tions are then broken and the power cylinder 
is locked and cannot be moved until the re- 
verse is thrown. The setting of the reversing 
handle indicates the direction in which the 
car will be moved, and the power cannot be 
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applied until the handle is fully thrown either 
backward or forward. 

Also another splendid feature is, that the 
reversing handle cannot be moved unless the, 
power is fully thrown oflF and this makes it 
impossible for a motorman to reverse his car 
with a full head of power on. A dial on 
the cap plate indicates at what point the 
connections of the cylinder are set. An ar- 
rangement of spring roller and cam wheel 
clearly marks the notches to the touch,, so 
that a motorman can feel the successive 
steps, while keeping his eyes constantly on 
the track in front of him. If you have a car 
and one of the controllers does not give the 
notches as it should, you should report the 
defect to the person in charge. You can 
easily tell when a controller has this de- 
fect, because you will not hear the click that 
it gives when in order. The cause of this 
is, that the cam roller spring is either broken 
or has become detached, or the rivet going 
through the cam roller is worn through, 
or perhaps the cam or star wheel is loose 
on the spindle. These controllers are au- 
tomatic in every detail and should check 



any tendency to carelessness or forget- 
fulness on the part of a motorman. These 
controllers are known as series parallel con- 
trollers, and this method of control differs 
from the rheostatic method in this way, 
that with the rheostatic method, the motors 
are connected permanently in parallel, while 
with the series parallel method, the motors 
are first temporarily connected in series, the 
current first passing through one motor 
and then through the other without divis- 
ion. By this means, together with a slight 
resistance, the proper starting pressure is 
applied, and the motors being in series, 
the same current that starts one flows 
through and is used over again in the other. 
After the car is started, the voltage applied 
to each motor is gradually increased by 
throwing both motors in parallel. The safe 
running positions on a seven-notch controller 
are three and six, and on a nine notch 
four and eight. Where the shunt resistance 
is used the loop would be the fourth and sev- 
enth position on a seven-point controller, 
and the fifth apd ninth position on a nine- 
point controller. When running on the 
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last-mentioned points, all the current passes 
through the armatures of the motors as 
usual, but only part passes through the field 
coils; a considerable amount flows through 
this shunt resistance, the effect of which is to 
weaken the field strength of motor, but 
leaves the armature practically of the same 
strength as when running on the notch im- 
mediately preceding. The effect of this is, of 
course, an added effort of the motors, with 
a corresponding increase in the speed. These 
positions should never be used in ascending a 
heavy grade, because it is a severe strain on 
the motors and is liable to cause trouble 
which will delay your car a great deal longer 
than if you had followed the instructions 
and run on the safe points. The power should 
never be applied more than one notch at a 
time and then allow the motor time to pick 
up before moving to the next. If your car is 
running too fast and you want to reduce the 
speed, always throw your power off all the 
way and commence to build up again. 
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GENERAL EIJECTRICAL SERIES — PARALLEI- CONTROLLER, 
FORM K-2, FOURTH POSITION. 


MOTOR CIRCUIT- 

The following is the course the current 
takes with the K-2 controller on the different 
positions : 

FIRST POSITION. — The current passes 
from the controller through all the resistance 
and then through the armature circuit of the 
number 1 motor and through the field cir- 
cuit of number 1 motor through the arma- 
ture circuit of number 2 motor, through the 
field circuit of number 2 motor and from 
there to the ground. The motors are now 
running in series. 

SECOND POSITION. — The same as on the 
first position, excepting that a part of the 
resistance is cut out of the circuit. 

THIRD POSITION.— The same as on the 
second position excepting that more of the 
resistance is cut out of the circuit. 

FOURTH POSITION.— The same as on the 
third position excepting that all of the resist- 
ance is out of the circuit the current being 
direct to the motors. 

FIFTH POSITION.— All resistance is still 
cut out, but the fields are weakened by the use 
of a shunt, and the motors still remain in series. 
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SIXTH POSITION.-All the current passes 
through part of the resistance and then 
through armature and field circuit of number 
1 motor and armature and field circuit of 
number 2 motor at the same time and from 
there to the ground. The motors are now 
running in parallel. 

SEVENTH POSITION.~The same as on 
the sixth position excepting that part of the 
resistance is cut out of the circuit. 

EIGHTH POSITION.-~The same as on the 
seventh excepting that all the resistance is 
cut out of the circuit. The power should 
never be put beyond this position in ascending 
a heavy grade. 

NINTH P0SITI0N.~A11 the resistance is 
out of the circuit and the fields are weakened 
by a shunt coil. This position is only intended 
to be used on a level track and where there is 
no danger from fast running. The motors 
are still in parallel. 

The course of the current in a K and K-1 is 
the same as in a K-2 excepting that there is 
one more resistance point in the K~2 which 
makes the difference of two points, one in the 
series points, and one in the parallel points^ 



while the K-10 and K-11 has one more point 
of resistance and no shunt. 

By carefully studying the course the current 
takes on each successive step you will readily 
see that when you get to the safe points on 
the controller that the resistance is entirely 
out of the circuit, and there is no reason for it 
heating if run on the safe positions, unless 
you carelessly disregard the rules as laid 
down and car is run on the resistance points. 
You will notice on the dial-plate that some 
of the notches are longer than the rest. The 
short notches are the resistance notches and 
the long ones are the safe running notches. * 

Of course where a new resistance has been 
put up it will possibly heat up a little in 
moving the power from one notch to another 
if the car is heavily loaded and the power is 
applied slowly, but it will only heat just 
enough so that you can smell any paint 
which may have been put on, but there is no 
danger of any damage. In connection with 
resistance it might be well to remind you 
that you should not run through water with 
the power on, especially on the resistance 
points, because it might short-circuit or bum 



out the resistance; besides, it might cause 
the controller to blow or arc from trolley 
wiper to the controller frame. Where there 
is a long stretch of track covered with water, 
of course you would have to use power, but 
run through it very slowly, so that the 
wheels will not throw the water all over the 
motors. All wires and cables are supposed 
to be placed out of the line of the wheel- 
throw as much as possible, but still, if the 
car is run too fast, a great deal of water will 
splash over the motors and perhaps ground 
a brush holder, field coil or armature if it 
gets into the motors. 

As an illustration, you pour water on a 
grindstone, and the faster you turn the stone 
the farther it will throw the water, and the 
same way with a car wheel. 

WESTINGHOUSE CONTROLLER* 

The Westinghouse Company has made 
many different forms of controllers while ad- 
hering to the general form of motor. The 
earlier forms of Westinjghouse controllers are 
known by the alphabetical order in which 
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they run, from the letter A on and as far as 
the letter G inclusive. Controllers B. C. D. 
and E. were put out with their earlier types 
of motors and which were arranged for par- 
allel running. The type G was first adapted 
for series parallel running but was after- 
wards superseded by type 14. This later 
was followed by the type 28-A controller. 
The most commonly used at the present with 
series parallel motors is the number 14 or 
number 28-A controllers. A description of 
type number 14 is as follows : 

Upon opening the controller you will notice 
that the eleven contact wipers or fingers are 
shown at the left of the controller, also the 
twelve main cable terminals at the bottom, 
and the two cut out plugs near the centre 
and at the right hand side. The reversing 
switch differs from the General Electric in 
form. It is in the form of a flat disc of slate 
or porcelain and is located immediately 
underneath the heavy brass top of the con- 
troller. With this controller there are six 
speed points. The first two have resistance 
in series with both motors in series. At the 
third point both motors are in series with 
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all the resistance cut out; at the fourth 
and fifth positions the motors are in parallel 
each having resistance in their circuit, and at 
the sixth position the motors are in parallel 
with all resistance cut-out. The controller 
known as the 28-A is quite similar to the type 
14 differing from it only in its mechanical 
construction. The method of reversing is 
the same excepting that the handle is placed 
at the top of the controller instead of at the 
side as in the type number 14. The cylinder 
is not arranged to swing open as in type 14 
but may be readily taken out to make re- 
pairs. The main cable terminals are dis- 
tributed at the sides and bottom of the 
controller. 

The cut-outs also are slightly different in 
form. With the type 14 controller, when 
motor number 1 is cut out, motor number 2 
will not start until the controller handle is 
thrown over to the fourth position, and in 
order to operate your car, notches number 4, 
5, and 6 are used. When motor number 2 is 
cut out your car will take power on number 
1, 2, and 3 positions. With the type 28-A 
controller, no matter which motor is cut out 



of circuit, the remaining motor is operated 
on notches 1, 2, 3, and 4, the controller being 
locked from passing beyond this point. 

CURTIS CONTROLtER. 

The Curtis Controller is a series parallel 
controller, and in general principles is the 
same as all others of the same method. On 
the Form A controllers the running notches 
are 3 and 7, and on the Form B the third and 
fifth positions. The first three points are 
series points, and the last points are parallel. 
This controller has no blow magnet coil,, 
as the General Electric controllers have, but 
has arc deflectors between each wiper or 
contact finger. Neither has it motor cut-outs 
for cutting out a defective motor, and in case 
of a defective motor, the motor leads have to 
be disconnected at the motor, the same as 
the W. P.~50 T. H. motor when used in con- 
nection with the rheostatic method of con- 
trol. 

This controller has no connection board at 
the bottom of the controller, but is connected 
up on either side, the armature and field 



wires going to the reverse side and the resist- 
ance wires, trolley and ground wires connect 
up on the left side to the wiper board. The 
setting of the reverse handle indicates the di- 
rection the car will move, and great care 
should be taken that the reverse handle is 
not pulled back or moved in any way while 
the power is on, as it is very injurious to the 
controller, and it would be plain to see 
how the damage was done by opening the 
controller cover; besides, if you wanted to 
make a quick stop, this way is not reliable, 
as the fuse would surely blow if you pulled 
over the reverse lever with the power on. 
When it becomes necessary to reverse the 
car, to stop in case of an emergency, first 
throw off the power, then pull the reverse 
lever and apply the power, and then your 
fuse is not as liable to blow. An arrange- 
ment of cam roller and wheel plainly marks 
to the touch the successive steps, so that the 
motorman does not have to watch the dial 
plate, but can be on the lookout to see that 
the track is clear ahead. As before stated, 
to cut out a motor, the connections have to 
be disconnected at the motor, and you will 
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Diagram showing the course of current through the resistance 
on each position of controller, the unbroken line showing the 
amount of resistance in, ana the broken line showing the 
amount cut out. 
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find that the car will not start until the 
handle is moved to the fourth position. 
This can be remedied, however, by closing 
the field and armature circuits. Aftec dis- 
connecting a defective motor, connect to- 
gether the two brush wires and then connect 
together the two field wires. The wires 
that you are to connect together are the 
wires coming out of the body of the car, and 
not the wires coming out of the motor. 
This will give you power on the first three 
notches, and the controller should not be 
operated beyond this position. You should 
exercise great care in the handling of these 
controllers, and be sure to work them on the 
notches and not half way between. 

WALKER CONTROLLER. 

In this controller the arc is broken by a 
cylinder placed in the controller for that 
purpose. The circuit is broken at twenty- 
eight ])oints, and is suppbsed to render the 
most severe arc entirely harmless. Another 
feature consists in entirely separating the 
operating of breaking the circuit from the 



controlling cylinder. The controller con- 
sists of two cylinders. The controlling 
cylinder proper, is used to make the dif- 
ferent combinations required to obtain 
the proper regulation of the speed of the car 
for acceleration. The second cylinder is used 
for the breaking of the circuit whenever such 
is required. The arc-breaking cylinder which 
is to the left of the controlling cylinder has its 
circuit so arranged that the main current 
passes first through it before going to'the 
controlling cylinder. The mechanism of the 
arc-breaking cylinder is so arranged that with 
a slight movement of the controller handle 
backwards, the circuit is completely opened 
leaving the controlling cylinder entirely dead. 
The controller cannot be closed again until 
the controlling handle has been brought back 
to the off position. After the circuit has been 
opened by the slight backward movement of 
the controlling handle, the controlling cylin- 
der can be moved backward and forward into 
any position without producing any effect, 
and it is absolutely necessary to go back to 
the off position before the circuit can be closed- 
This feature makes it impossible to drop back 
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from one notch to another in such a way as 
to put in or take out resistance in the circuit. 
A slight movement of the handle backwards 
cuts off the current from the car, thus leaving 
the motorman free to attend to his brake. 
There is also an interlocking device whereby 
the pawl that indicates the various running 
positions, acts at the same time as a lock 
between the controlling cylinder and reverse. 
The controlling cylinder is locked when the 
reverse is in any other position than forward 
or backward, and the reverse is locked except 
when the controlling cylinder is at the off 
position. The motor cut-out switches are in 
each controller, and a peculiar feature is, that 
in cutting out a motor on number 1 end, it 
has to be cut out on the number 2 end also. 
In cutting out a defective motor, cut it out on 
both ends. 
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Walker Controller, showing arc-breaking cylinder at left; 
also showing No. x motor cut-out. 


BRIEF DESCRIPTION OF A STREET 
RAILWAY MOTOR* 


The main parts which go to make up a 
street railway motor consists of a field, 
which is stationary, and a revolving arma- 
ture. The field magnet is composed of an 
iron or a steel casting, which has a quantity 
of insulated wire wound around its poles. 
The electricity passing through this wire or 
field coil magnetizes the iron, creating mag- 
netic poles. The revolving armature is com- 
posed of thin discs of soft sheet iron, firmly 
bolted together and fitted on a shaft, and 
then, after dressing up in the machine shop, 
is wound with a certain number of insulated 
wires, which are connected together, so as to 
form one continuous wire, passing length- 
wise around the core. However, before the 
armature is wound, the core is thoroughlj*^ 
insulated with the best of insulating mate- 
rial, and this is considered a very important 
factor in the construction of an armature, as 
defective insulation would cause the wind- 
ings to ground to the core, and then the 
armature would have to be stripped and 
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all re-wound again. The shaft upon which 
the armature is built furnishes both a sup- 
port and means of transmitting the power 
of the armature by means of its pinion 
meshing with gear on truck axle. The 
windings of the armature are the most 
active parts, as it is in them, as well as in 
the field magnets, that the current arouses 
the force that sets and keeps in motion the 
wheels of the car. When a wire carrying a 
current is brought in front of a pole of a 
magnet a force is experienced which tends to 
drive the conductor sideways away from it, 
and this is exactly what takes place in an 
electric motor. When the windings of an 
armature carrying current comes in front of 
a pole-piece it is forced away and the arma- 
ture is kept revolving around all the time as 
long as the current is kept applied. On the 
end of the armature shaft is a pinion, which 
meshes into a large gear wheel keyed on 
to truck axle, and in this way an electric car 
is propelled along. 

TROUBLES ON THE ROAD AND HOW 
TO OVERCOME THE SAME.-In case of a 
motor dropping, by the aid of a piece of rope 
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G. E. 1,000—35 H. P. MOTOR— CLOSED. 



and a bar it can be raised and fastened up so 
as to run to the depot. 

First of all block the wheels, and then cut 
out the motor that is all right, and then 
fasten the rope to the front of the motor. If 
a General Electric 800, fasten the rope to the 
stud of the motor which rests on the support, 
and then tie the rope so that when the motor 
comes up level the bar can be slipped through. 
While the motorman gives the motor a little 
current and the motor raises, the conductor 
can push the bar through loop in rope to 
secure the same. The motorman should be 
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very careful and not apply too much power, 
or the motor will rise up through the floor. 
The best position to be used would be the 
first position. 

On a rheostat car, in case of it coming to a 
standstill, there are but a few connections 
that can be examined in trying to locate the 
trouble; however, first of all, see that your 
overhead switch has contact, and then try 
your reverse, and be sure that it is fully re- 
versed to give a thorough contact. A great 
many cars have had to be pushed to the depot 
on account of this one simple thing. Then 
examine your fuse box and see that the 
fuse is not blown out, see that the thumb 
screws are tightly secured on the fuse, and 
while you are there try the fuse-box leads and 
lightning-arrester leads to see that they are 
not disconnected. Then try the lamp circuit 
to see if the lights can be lit, so as to see 
whether the supply wire fastened to the trol- 
ley base is burnt or broken off. If that wire 
is found all right the lights ought to burn, 
unless the car is on a dead rail, or the rails 
are covered with sand and dirt, and the 
motor ground wire had been broken, as the 
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light circuit must have a ground before it 
will burn, an(f the motor also must have a 
ground before it can be operated. Also see 
if the supply wire that leads to the rheostat 
is connected, and then see if the contact shoe 
is on the rheostat arm; then try the end wire 
on the rheostat. The end wire is the one on 
the inside^ while the loop wire is the outer 
one. If the end wire on the rheostat was 
disconnected, the motors would not take the 
power until the contact shoe touched the 
loop segment, or if the field end connection at 
the motor was either burnt off or discon- 
nected the result would be the same, and the 
car would not start until the power was 
brought to the loop connection. 

After having made a careful examination 
of the rheostatic connections, then raise the 
trap and try the motor connections, and if 
you do not find any of them loose give them 
a little pull; or it may be that one of them is 
burnt off, and if so, you may connect tempo- 
rarily with a piece of wire. At any time 
when making a temporary connection with 
a piece of wire, be sure and clear it off of the 
motor shell, so that it will not ground and 



barn off again, and in case of your having to 
use small wire, do not force your car too 
much, for you may bum it off again, A small 
water pipe will not carry as much water as 
a larger one ; and it is the same with wire— 
the smaller the wire, the less current it will 
carry. After having examined the motor 
connections, including the main ground wire, 
and have found them all right, there is but 
little more that could be done on the road 
in trying to locate the trouble. It might 
be a short or a broken carbon, or perhaps 
the carbon may be stuck in the holder; 
but you can easily determine this by open- 
ing the motor cover and pulling the brush 
hammers back and inspecting the carbons. 
After having done this, and you fail to 
locate the trouble, your only resort is to 
have the car towed home. If you ever 
have occasion to examine the carbons, do 
not fail to put the brush hammers down 
again. When you have a car equipped with 
two W. P. 50 motors and controlled by the 
rheostatic method of control, sometimes you 
may find that only one of the motors is 
working. Upon investigation you will find 
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that in a great many cases that the reverse 
has not been fully thrown. You should 
always make sure and throw the reverse 
over full, if not, only one motor will work, 
besides the danger of burning off the contact 
tips on the reverse switch, and then the car 
would have to be changed off or taken out 
of service, and when the shop man would 
take down the reverse switch cover he could 
plainly see that it was caused by carelessness 
on the part of the motorman. Times with- 
out number cars have had to be towed to the 
car house with just this trouble. 
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If you have occasion to push or tow a car 
equipped with two W. P. 50 motors, and con- 
trolled by T. H. rheostat, be sure and hare 
it reversed in the same direction that you are 
going, because if you do not, and when you 
attain a little speed, one motor will act as a 
dynamo and drive the other motor in a re- 
verse direction as a motor, and you will mot 
be able to scarcely move it, unless you couple 
two or three cars to it. 

If at any time you have a collision with 
another car or a wagon, and the controlling 
stand is bent so badly that you cannot either 
apply your power or reverse your car, you 
can run your car with the overhead switch, 
and to reverse the direction, cross-connect 
the brush leads in both motors, if a double 
motor car. Also in connection with cars 
operated by the rheostatic method of con- 
trol, it may be well to remind you that you 
should not run through water at a high rate 
of speed, or with the power on, as water 
splashing up underneath and on the rheostat 
is liable to cause the current to jump from the 
rheostat spindle to the frame, and from there 
to and through the conductors laid in the 
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frame, and then through the motors, so that 
when you would shut oflF the power with the 
handle in the regular way, the car would still 
move along. As previously stated, these con- 
ductors are insulated from the rheostat frame, 
but in course of time the insulation is liable 
to become imperfect. Of course, as long as 
ther insulation remains perfect there is no dan- 
ger of this occurring. If you ever have a car 
that continues to move along after you have 
apparently shut the power off, you should 
investigate at once. Throw off your over- 
head switch immediately. Upon investiga- 
tion you will find that either the rheostat 
spindle is grounded to the frame, or that the 
cable has slipped around on the drum. This 
electrical trouble is one that often happens 
during rain or snow storms. In a case of 
this kind it is advised that, when you want 
to make a stop, you should throw off the 
power, except the first quarter position, and 
then throw off the overhead switch, leaving 
your handle still on the first quarter, and then 
when you want to start up again release 
your brake and throw on the overhead switch, 
and to increase the speed of the car operate 
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as usual with the controlling handle. The 
idea of leaving the power on the first quarter, 
and throwing off the overliead switch is, that 
by so doing you are not so liable to make 
mistakes, and, besides, it prevents the arcing 
between rheostat spindle and rheostat frame, 
which increases each time you throw off the 
power with the controlling handle, unless you 
throw off the overhead switch as well. 

In case of trouble with controller cars, you 
will examine in much the same manner 
as with cars equipped with the old style 
T. H. rheostat. Of course you do not 
have the rheostat connections and con- 
tact shoe to examine, but you have the con- 
troller, instead. If your car will not move 
on the first position, and will move on the 
second position, it will be either that one of 
the contact fingers has no contact, or that 
one of the resistance leads is either discon- 
nected, burnt, or broken off’. If both control- 
lers work the same, it would be in resistance 
lead R-1 being disconnected or burnt off from 
resistance. Of course it might not be where 
it is connected to the resistance as it might 
be in the controller. If it is in the controller, 
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then the car could be operated from the 
opposite controller, and would start up on 
the first position. You will readily see by 
diagram number 1, how this would affect the 
operation of a car. 

The long line in the diagram represents the 
R-1 resistance wire, running from number 1 
controller to number 2 controller, the entire 
length of the car. The short line represents 
the R-1 tap leading to the resistance. If 
there is a break at any point between A and 
B, then the car will not start on number 1 
controller until you turn the handle to the 
second position, but will start up on the first 
position on number 2 controller. If there is 
a break at any point between B and D, or, 
in fact, anywhere between the R-1 tap and 
number 2 controller, the car will not start 
until the second position on number 2 con- 
troller. If there is a break at any point be- 
tween C and B, then the car will not start 
from either controller until put on the second 
position. If the R-1 tap is burnt off where it 
is tapped on (marked B), then the car will 
not start from either controller until put 
on the second position, providing all the 



other resistance wires are in the proper 
connection. 

If all the resistance wires were discon- 
nected on a K controller, the car would not 
start until the third position ; or if R-3 wire 
was disconnected, it would not start until 
the third position, because R-3 is the nega- 
tive wire leading from the resistance. If all 
the wires were disconnected from one of the 
controllers, it would not prevent operating 
the car by the other controller, providing 
that the wires were not touching each other 
on the other end, meaning the end that was 
disconnected. 

If one of the motors was disconnected, or 
one of the leads were burnt off on a K con- 
troller, the car would not start up until 
reaching the fifth position on either end. The 
K and K-1 controllers are the same except- 
ing the difference in the connecting board, but 
the wiring of the car is the same; the same 
number of wires are used on one as on the 
other. 

On the K-1 the wires are straight and are 
fastened to the binding posts with a set 
screw. The connections on the K has what 
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is known as a crow’s foot terminal soldered 
on to the end of the wire, and fastened to 
the binding posts with a set nut. These ter- 
minals are called so from their shape, which 
resembles a crow’s foot. 

The K-2 controller is the same as the K-1, 
excepting the difference of one more wire in 
the K-2, that being the R-4, and the same as 
the K, excepting that the binding posts are 
different and the R-4 resistance wire, which 
the K has not. 

The K and the K-1 controller has seven 
notches each, and the K-2 has nine notches 
or points. With one motor disconnected on 
a K-2, the car would not start until the sixth 
position from either end, but with the resist- 
ance disconnected, would start up on the 
fourth position. By motor disconnected is 
meant that one of the wires may be burnt 
off, as of course if it was cut out in the regu- 
lar form by means of the cut-out switch it 
would start out on the first position. 

When you find that one of the motors is not 
working, have your conductor get off the car 
and while you apply the power let him watch 
to see which motor is working, which he can 
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easily tell by the spinning of the wheels, then 
cut out the defective motor so as to get 
power on the first position. 

Number 1 motor is the motor nearest to 
the fuse box and number 2 motor is the 
farthest away. In case that you cannot 
open the controller cover to cut out a motor 
in the regular way, you can get power on the 
first position by closing the armature and 
field circuits. To do this, you will disconnect 
the motor connections of the defective motor, 
and take two short pieces of wire and con- 
nect the two brush wires together, and the 
two field wires together, and then your car 
will start up on the first position. This of 
course is not the proper method of cutting 
out the motor, but it is only shown in case 
you were unable to open the controller cover 
and were operating your car on a line with a 
long headway ; besides the controller covers 
are sometimes difficult to open and if you did 
not have a pair of gas pliers or some similar 
tool, it would be impossible for you to open 
it. This explanation just given would be of 
service to you. 

When you have occasion to connect the 
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brush leads and field leads together, as pre- 
viously explained, you should not apply the 
power farther than the fourth position on a 
7-point controller and not farther than the 
fifth position on a K-2, K-10 or K-11. 

In case of a burnt out globe, you can light 
up your car by putting a copper cent in the 
lamp socket and then putting the lamp back 
again or by breaking the globe and twisting 
the wires together you can obtain the same 
Results. 

You should not experiment with this, how- 
ever, unless you are positive that the carbon 
in the lamp is either broken or burnt off, be- 
cause incandescent lamps are very expensive, 
costing about $16 per hundred. 

By holding the globe between you and the 
light, you can easily see if the carbon or fila- 
ment is broken, or at night, when a lamp 
burns out, the conductor can sometimes see 
the defective lamp flicker as the carbon is 
burning off, and sometimes after it is entirely 
burnt off it will flicker when the two ends of 
the filament touch each other, as the oscilla- 
tion of the car will do this or by jarring of 
the same. 
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The better way to do would be to use 
the cent piece, because you can do it much 
quicker and it is more simply done ; besides 
the bumt-out lamp with the globe broken is 
not worth as much as one that is not broken. 
Railroad companies get a rebate on new 
lamps when returning burnt-out lamps 
where the globe is not broken. When you 
break a globe, you have to first turn off the 
lamp circuit switch, and sometimes you may 
turn it a little too far, and instead of it being 
off it is again thrown on, and when you 
come to put in the short-circuited lamp you 
will receive a shock. 

In case of failure to throw off the power on 
any style of controller, do not forget that by 
throwing off the overhead switch it cuts out 
all connections with the motor. 

When a car jumps the track and the track 
is in proper condition, you should not fail to 
report the matter to the proper person, so 
that the car may be run in the inspection 
shop and examined for sprung axles, broken 
flanges or loose wheels, etc. 

When an axle is sprung, you will easily 
notice it while riding on the car by the see- 
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saw motion it makes. Ypu should be cau- 
tious in going over crossings and taking 
switches and in passing around curves, as 
the car is liable to become derailed. 

When an axle is sprung so badly that the 
wheels will not stay on the track, the car 
should be moved ahead or back until you find 
a place in the wheels that fits the track, 
then make one of the wheels fast to the truck 
frame and tow or push it to the car house ; 
or, if you cannot get a rope or a chain, place 
a draw bar to secure the wheel. 

If it is a double motor car, cut out the 
motor that has the wheels locked, and use 
the other motor to help the car along. If you 
have a car that has a broken wheel flange you 
should operate very slowly and cautiously 
over curves and track that has bad joints, 
even if it is a straight track, and the greater 
the piece broken out of the wheel flange, the 
more cautious you should be. 

If it should occur that you cannot get 
around a curve without derailing the car, you 
should back up the car a little until you get 
a place in the wheel that is not broken, and 
then either tie it with rope or chain, or put a 
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draw bar into it so as to lock the wheels and 
then push the car around. When you can 
get a piece of rope or chain it is much prefer- 
able to lock the wheels that way than to use 
a draw bar, as the draw bar is liable to 
become wedged in the truck frame and would 
be difficult to remove. 

If the car is a single motorcar and is stand- 
ing on a curve, it would be advisable to pull 
it back a little off of the curve, and then when 
you are moving it ahead keep it moving until 
you get around the curve. I state this from 
the supposition that the motor would be on 
the forward end in that direction, and if it 
vras, and you tried to push it out of a curve, 
you would be liable to throw the rear end off 
the track, as you would not be pushing it 
straight ahead, but partly sideways, on 
account of the car lifting up when being 
pushed, on account of not having any motor 
on that end. 

Broken flanges are generally caused by 
striking curves too hard, or going over rail- 
road crossings too fast, or running over ob- 
stacles on the track such as horse shoes, 
spikes, and bits of iron. When the tread of 
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the wheel badly worn, generally the flange 
on one wheel is worn much thinner than the 
other, and in striking a curve hard it is very 
liable to break off, or in going over a crossing 
too fast with the car running on the flanges 
and not on the tread. This generally occurs 
where new special work has been lately put 
down. 

With a broken axle, nothing can be done by 
the motorman but telephone to the proper 
place for the wrecking crew, and also telling 
the crew on the first car going in the oppo- 
site direction, so that if it is possible they can 
notify the inspectors of the trouble, who in 
turn will look out for the operation of the 
line in reference to maintaining headways. 

With a broken gear, the only thing that 
you can do is to lock the wheels and get the 
car to the car house ; or, if it happens some- 
where near the end of the line, so that the 
car can cross over and get on the other 
track, you should call for the wrecking crew. 
In case of any unusual noise with your car, 
you should report it at once, so that it could 
be examined and the trouble located. 

In case of a double-truck car getting off the 



track, and you try to get it replaced, I have 
found it advantageous to work from the 
motor end, because if you work from the 
light end and move the car with the light 
end in front, the truck is liable to swing 
further away from the track, unless it was 
off in a switch in such a way that the light 
wheels would not climb the rail, but by 
backing up it would drop on the rails at the 
frog or switch. 

When cars have charged platforms, you 
will generally find it on the number 1 motor 
end of the car. When taking on passengers 
you should be sure that they are safely on the 
car before you apply the power, or they might 
receive a shock. Of course you should re- 
ceive assistance from the conductor in this 
respect. Also, when slowing down at a 
crossing to let persons board your car, do 
not apply the power until* they are safely on 
the car, because if the platform was charged 
and you applied the power just as a person 
was taking hold of the grab handle, they 
would receive a shock which might result se- 
riously and also would be a case of liability 
against the company. 



In case you find smoke coming out of a mo- 
tor you should cut out that motor at once, 
or it might result in serious damage to the 
armature. When you have a controller with 
a grounded cylinder and you want to operate 
your car from that end, you can proceed as 
follows: Throw off the overhead switch on 
the end that you want to operate from, then 
at the other end reverse in the backward mo- 
tion, and then with the controlling handle 
move it around to the first safe position, and 
then take off the controlling handle and run 
the car from the front end with the overhead 
switch. , For further details showing how to 
operate cars with grounded cylinders you 
will find the explanation further on in the 
book. 

When cars are equipped with electric head- 
lights, motormen should be sure and report 
when they find any headlight glasses broken, 
so that glasses may be replaced and the cir- 
cuit protected from being damaged by water 
or snow. 

A car with a grounded lightning arrester 
will blow a fuse when the car is standing 
still if both overhead switches are on. The 



lightning arrester is placed underneath the 
car body and at the number one end on 
single truck cars. You will find that there 
are two wires connected to one end and one 
wire to the other end, also a small wire which 
is the light circuit ground wire. To be able 
to operate your car and prevent the blowing 
of fuses, you should disconnect the two wires 
from the lightning arrester and connect 
them together and operate your car in the 
usual manner, or else remove the main ground 
wire. This relates to a T. H. lightning 
arrester. 

A motorman who takes an interest in his 
work will familiarize himself with the differ- 
ent parts of the car body and truck, so as to 
be able to report on the condition of the car 
in an intelligent manner when laying up a 
car in the car house. 

TROLLEY POLES* 

The proper care of the trolley pole depends 
a great deal on the motorman. A car should 
always be run slowly and cautiously around 
curves and over crossings, and the power 
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should always be shut off completely in going 
over circuit breakers. 

When the conductor is collecting his fares, 
which he should do where there is a straight 
track, you should also run your car carefully, 
and be ready to make a stop immediately in 
case the trolley pole leaves the wire. If you 
pay strict attention to the handling of your 
car, you cannot fail to notice the slight check 
in the speed of the car when the trolley leaves 
the wire^ 

Where there are cross-overs and switches, 
you should exercise great care, because if the 
trolley fork gets caught in the frog it will 
either pull off the trolley stand or possibly 
pull the trolley wire down, thereby causing a 
serious delay on the line, besides the possi- 
bility of a trolley stand dropping or the trol- 
ley wire falling on some one. 

When the trolley wire is pulled down, you 
should not leave it without leaving some one 
in charge, as some driver might drive his 
horses against it. If there was not too 
much of the wire down, you might be able to 
clear it to one side, so that the cars could 
clear, and in that case a good plan would be 
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to wait until your follower came up behind 
you, and then you could continue on your 
trip and your follower could work it the 
same way that you did, until the emergency 
crew could arrive and take charge of the 
fallen wire. The first thing, however, that 
should be done would be to telephone to 
your depot informing them of the trouble 
and the exact location. If the wire should 
fall on the rail, you should try and clear it 
away, and you could do this in safety by 
taking a hold of the wire with your cap or 
coat, which would relieve the power station 
from the ground held, besides keeping the 
cars in operation, and if you could find some 
pieces of wood around, you could lay the 
wire down on it to prevent a ground oc- 
curring again. There has never been any 
trolley made which will prevent the trolley 
wheel from leaving the wire if the car is run 
in a reckless manner around curves and over 
crossings and circuit breakers. 

You should always bear in mind that a trol- 
ley is intended to follow the car and not in- 
tended to go ahead of the car, and you are 
never safe when backing your car without 
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first turning the trolley pole. When a pole 
has been bent by backing up without turn- 
ing it you can easily see how it was done. 
When a trolley wheel is lost out of the fork, 
a good plan is to put a piece of wire through 
the axle holes, as this has a tendency to keep 
the fork a little further away from the wire 
than if you run it without anything, as the 
nearer the fork is to the wire the more liable 
it is to get caught in a frog or diagonal or at 
an anchor ear in the line. 

CONTROLLER TROUBLES. 

Controller troubles are probably the most 
frequent of any experienced with street rail- 
way cars, especially with the older types of 
controllers. A great deal of this trouble is 
caused by careless handling and in failing to 
move the power handle a full notch at a 
time, consequently causing arcing at fingers 
and contacts, until finally there is no contact 
at all or the finger and contact is blistered. 
The finger may get caught so that you can- 
not get beyond a certain position, or it may 
be that you will get no power on some posi- 
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tions, or perhaps the car will not move at all 
from one controller. 

An inspection of the controller will proba- 
bly show that one of the fingers has no con- 
tact, and a new finger will have to be put in; 
because, in consequence of the continual 
arcing between the finger and contact, there 
is a possibility of the temper being taken out 
of the tension spring of the finger. 

It does not always follow that the man 
that has trouble with a controller is the 
one at fault, it may be that the motorman 
that had it previously caused the trouble; 
but when a motorman is continually hav- 
ing trouble with his car it is generally 
safe to say that he is either careless or 
possibly ignorant of the workings of a 
controller and does not follow the instruc- 
tions as given him when he was first giv- 
en charge of a car. A great saving for 
the company can be made by the careful 
handling of the controller. The writer 
has often noticed motormen applying the 
power so rapidly as to cause the wheels to 
spin around so quickly as not to give the 
wheels a chance to adhere to the rail until 
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a dry piece of rail is reached, and then the 
car would leap forward with a sudden move- 
ment; and in damp weather, if the rail is a lit- 
tle slippery, they will throw the power all the 
way on, and, if they have sand, they will 
drop it without using good judgment, and 
the car starts forwards with a jerk which is 
liable to damage the motors, especially the 
gears and pinions, and besides; making rid- 
ing very unpleasant for passengers. If you 
notice a locomotive engineer in starting up 
with a heavy load, or on a heavy grade, or a 
slippery rail, you will see that he opens the 
valve just a little at a time, but if the wheels 
should commence to slip he will shut off the 
steam and commence to apply it again very 
gradually, as the wheels grip the rail, and if 
he uses sand he drops a little at a time, but 
he does not open the valve to its fullest ex- 
tent and then drop sand, because if he did 
something would be liable to give way. 

When you apply the power on the first 
position and the wheel slips, it stands to rea- 
son that the more power you apply, the 
more the wheels will continue to slip. If you 
apply the power gradually and give time for 
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the wheels to grip the rail before moving the 
power from one notch to another, you will 
find that you will make time in doing so. 

On arriving at a crossing, or any part of a 
track that is covered with sand or dirt or 
water, you should let your car run over 
without using any power at all if possible. 

There are a great many places on some 
lines where there are grades, and then a car 
can be run quite some distance without 
scarcely using any power at all, excepting a 
little to start up the car. 

It is to the company’s interest that you 
use as little power as possible in the han- 
dling of your car, and what is of interest to 
your employer is of interest to you also. In 
throwing off the power, throw it off lively 
but not with too much force, because you 
may break the rivet that rivets the cam 
wheel to the controlling spindle; or, if it is 
keyed on, it is liable to become loose. 

You should never leave the car without 
first throwing off the overhead switch or cir- 
cuit breaker, and taking off the controller 
handles, because it is possible for a car to 
start up without the power being applied 



with the handles during rainy weather. This 
is something that very rarely occurs, but 
it is actually possible for such a thing* .to 
happen. 

INSTRUCTIONS IN THE OPERATION 
OF HARDEE COMPRESSED AIR 
MOTOR CARS* 

There are four small levers or handles to 
operate cars, as follows : 

1st. Reversing lever. 

2d. Throttle lever. 

3d. Brake handle. 

4th. Shut-ofi' valve handle or ‘^platform 
valve.” 

All these handles can be used at either end 
of car, and the car can be run both back- 
wards and forwards from either end, by mov- 
ing reversing lever in whichever direction it is 
desired to go. 

Before removing handles from one end of car 
to the other end, it should be seen that shut- 
off valve (4) is closed tightly, though not with 
force enough to break it. The brake-valve 
handle must be taken off at the “lap ” notch, 
this being the only position at which it can 
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be removed, unless undue force is used. The 
throttle valve (2) must be closed, or moved 
to extreme position furthest away from 
motorman; and the reversing lever should 
be moved to middle position, and put on in 
middle position at opposite end, after which 
it should be moved forward to fourth notch 
from the end. The other handles may then 
be put on their respective places and brake 
handle moved to ‘^release” or ‘‘running^* 
position; that is, looking straight toward 
motorman, unless motor happens to be 
standing on a grade, in which case brake 
must be left on. 

To start motor, motormen will open 
throttle (2) b}" pulling lever towards him 
with right hand, and at same time with left 
hand will move brake handle (3) one posi- 
tion or notch to the left. Just as soon as 
car moves, the brake handle (3) must be 
returned to running position, else motor 
will make a slight puffing noise, which 
can easily be avoided if strict attention 
is paid to this rule ; and it is only a careless 
or stupid motorman who will not attend to 
it. The shut-off valve (4) must now be 
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Opened and left open until the throttle (2) 
has to be closed fck any length of time, as 
when making a long stop or running down 
grade. After motor is under way the revers- 
ing lever (1) should be moved ahead, if on a 
level, to first notch; if on a slight up grade 
to second notch, and if on a rather stiff up 
grade to third notch. Should the motor be 
on a down grade the throttle may be closed 
and the motor allowed to “ coast, and it 
may be necessary to use the brake in case 
car runs too fast. Much of this, of course, 
must be left to the motorman’s judgment. 
When car is only slowed down and it is de- 
sired to go ahead, it is not necessary to use 
starting valve (3), but only to open throttle 
valve. It must be distinctly understood that 
it is only necessary to use starting valve (3) 
when starting from a state of rest, and then 
only until the car moves. Too much stress 
cannot be laid on this. 

To stop car motorman will first close 
throttle (2), and if he sees some distance 
ahead where he has to stop, he will close it 
before reaching there, so as to “coast” as 
much as possible. Very great care is re- 



quired in making a good easy stop, and re- 
quires some practice and good judgment. 
Should the brake handle be moved to 
‘^brake-on’' position and kept there until 
full pressure accumulates in brake cylinder, 
it is apt to skid the wheels. The handle (3) 
should therefore be moved to “brake-on*’ 
position and instantly returned to Vlap” 
position, care being taken that handle (3) is 
not moved back beyond “lap” position to 
“release” position, else it will let the brake 
off. Car will then make an easy stop. In 
case the first movement does not apply brake 
hard enough, the movement must be re- 
peated. Generally speaking, the longer 
brake handle is left in “brake-on” position 
the harder will brake be applied, and two 
seconds at the most will apply it to its 
fullest extent, so that for an easy stop a 
quick wrist movement is required. After car 
is stopped, and while waiting for the bell, 
motorman should move his reversing lever 
back to fourth notch to be ready for next 
start, or if on a grade, to fifth notch ; but 
never in any case further back than fifth 
notch. 
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RULES TO BE OBSERVED IN EMER- 
GENCIES 

BRAKE FAILURE.-Iti case both air and 
hand brakes fail, motormen may stop car by 
pulling the reverse lever all the way back, 
but he should wait for next car and have his 
car coupled to it, in case he may not be suffi- 
ciently familiar with this method of handling 
car. 

REDUCTION VALVE FAILURE.—Should 
the working pressure rise so high as to cause 
safety valve to blow off, motorman must close 
shut-off valve (4) before closing throttle valve 
(2), and must keep it closed until throttle valve 
(2) is opened again. He must be very careful 
about this, as it is irritating and alarming, 
though perfectly harmless to have safety 
valve blow off. In case reduction valve is 
very badly out of order, shut-off valve (4) 
must be kept closed, and the by-pass valve 
used. This is a small valve at side of con- 
troller stand, which can be opened by shut- 
off valve handle; and will enable motorman 
to get car home without assistance. 

RUPTURE OF A PIPE.-In case motor- 
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man should hear a sudden loud blowing of 
air, as if a connection or pipe had burst, he 
will instantly close shut-off valve (4). Should 
the blowing continue, he must raise the floor- 
ing and close both header valves, using shut- 
off valve handle (4) for this purpose. 
There is a square hole at outer end of this 
handle which fits header valves. Motorman 
must hasten to do this as speedily as possi- 
ble, before the air has all escaped, and he 
must not get alarmed at the noise and lose 
his head for there is positively no danger. 
After having closed both header valves and 
ascertained what pipe or connection is 
broken, he may re-open the header valve at 
the broken end, and use the air to run the car 
as long as it lasts, after which he will close 
that valve and open the other. The chances 
are that if he acts promptly and intelligently 
he can get his car home without assistance. 

SIDE VALVE. — When charging car in 
power house there is a valve known as the 
‘*Side^^ valve because it is at one side of the 
car, which must be closed first thing before 
charging, and opened last thing after charg- 
ing. In case motorman finds his car will not 



go, be should therefore see if this valve is 
open. 

Motormen must familiarize themselves 
with all these valves, and they will always 
find some one at the power house ready to 
explain matters and answer questions. 

There is a combination pressure gauge at 
each end of every car, showing at all times 
both storage and working pressures. The 
long hand, which is painted black, points to 
the outer circle and indicates storage press- 
ure; and the short hand, which is painted 
red, points to the inner circle and indicates 
working pressure. The automatic reduction 
valve controls the working pressure, allow- 
ing so much of the air in storage to pass 
through it to maintain working pressure. 
The air, however, from the storage reservoir 
first passes through the shut-off valve on 
platform before entering reduction valve; 
hence when reduction valve is out of order 
the motorman must regulate by shut-off 
valve, as directed above, until reduction 
valve is repaired. 

Motormen must report defects on arriving 
at the power house. 




THE PRICE HYDRAUUC BRAKE. 



INSTRUCTIONS TO MOTORMEN FOR 
OPERATING PRICE KYORAUUC 
BRAKE. 

This brake has an operating lever, which 
is located close to the dash between the 
hand brake staff and the motor controller. 
To apply the brake, pull the lever slowly for 
an easy stop and quickly for an emergency 
stop, and ease off the pull on the lever 
slightly just before the car comes to a stop, 
same as is done with the hand brake. 

When going up a grade do not ease off the 
pull entirely, but hold the brake on till ready 
to start the car again. If the brake is re- 
leased on a grade the car will run back- 
wards, but can be brought to a stop by ap- 
plying the brake, same as when the car is 
running down the grade. 

The lever is provided with a ratchet and 
pawl, but these should not be used till after 
the car comes to a stop and when it is de- 
sired to hold the brake on. 

Before leaving the car platform always set 
the hand brake. 
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RULES FOR THE OPERATION OF THE 
MAGANN STORAGE AIR 
BRAKE SYSTEM* 

The operation of the Magann Storge Air 
Brakes is much the same as other straight 
ait brakes. The motorman’s valves should 
be placed on the lap position, the motorman 
placing the valve handle on the valve on the 
end of the car he is going to operate from. 
When he desires to make his service stop he 
will turn the handle to the right until he 
feels the shoes grip the wheels and then 
place the valve on the lap position. The lap 
position is where it will allow him to remove 
the handle. If the car does not stop as 
quickly as desired, he will again turn the 
handle to the right until he feels the shoe 
gripping the wheels more firmly, repeating 
the operation again if necessary, and in the 
meantime, if he has skid the wheels, he can 
ease off the brake by turning the valve han- 
dle to the left, allowing part of the air in 
the brake cylinder to exhaust. He should 
also ease off the brake before coming to a 
stop by turning his valve handle to the left 
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and allowing the greater part of the air in 
the brake cylinder to exhaust before the car 
comes to a stop, thereby preventing the car 
body from lurching ahead. 

INSTRUCTIONS FOR MOTORMEN IN 
OPERATION OF THE CHRISTEN- 
SEN STRAIGHT AIR BRAKE. 

1st. — To start up the compressor, close 
the canopy switch. This will automatically 
close the governor, so that the current will 
pass from trolley to ground through the 
motor driving the compressor. 

2nd. — Should the compressor refuse to 
work under this condition, the fuse may be 
blown. If so, do not put a heavier fuse in 
than suited for the size of the compressor. 
If the fuse is all right, the trouble is else- 
where, and you should try to locate it if you 
can readily do so ; if not, you ought to report 
the matter to the proper authority. 

3rd. — All the stop-cocks on the train pipe, 
except on the front and rear end of the car, 
should be open. When open the handle 
stands crosswise to the pipe, and when 
closed it stands parallel with it. 
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4th*— To cut out a standard governor, 
close the ^4-inch stop cock so that the T 
handle stands crossways with the pipe and 
then move the governor plunger so as to 
make contact and then close the circuit. The 
compressor can now be started and stopped 
by the hand switch in the canopy ; but you 
should take care not to forget to start and 
stop the compressor so as to keep the press- 
ures within the desired limits of 70 lbs. min- 
imum and from 80 to 90 lbs. maximum. 

ENGINEER'S VALVE* 

LAP POSITION. — The engineer's valve, in 
direct control of the motorman, is made with 
a detachable handle which is only removable 
in what is known as the lap position, in 
which position the valve is neutral in the 
same manner as the main controller is by 
moving the reverse handle. 

SERVICE APPLICATION of the brakes is 
effected by moving the handle of the engi- 
neer's valve to the first notch to the right. 
As soon as sufficiently hard pressure is 
brought against the wheels, the handle may 
be moved back into lap position, whereby 
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the brakes remain set at that pressure. If it 
is desired to set the brakes a little harder, re- 
peat the operation. By moving back to the 
lap position without releasing, the handle 
may be removed and the brake released from 
the other end of the car. This feature is very 
valuable where the terminus is on a grade. 

SLOW RELEASE OF THE BRAKES.— By 
moving the handle from lap position to the 
first notch on the left, a slower release of the 
brakes is effected, which release may be 
checked in the same way by ‘moving the 
handle back to lap position, the same as in 
the service application of the brake. 

EMERGENCY APPLICATION.— This is 
effected by moving the handle from lap as far 
as it will go to the right, in which position a 
large passage is afforded to allow com- 
pressed air to travel from the main reservoir 
to the brake cylinder, and the application 
of the brakes is practically instantaneous. 
This kind of an application should not be 
made except when absolutely necessary. 

QUICK RELEASE. — By moving the handle 
from lap position to the left as far as it will 
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go, a quick release is eflFected in the same 
manner as a quick application by establish- 
ing a large opening from the brake cylinder 
to the atmosphere, whereby the pressure es- 
capes quickly from the brake cylinder, there- 
by letting off the brakes in a very short 
space of time. 

RUNNING POSITION.— The handle of the 
engineer’s valve should always, when the 
brakes are not being applied or released, be 
on the first notch to the left or that of slow 
release. 

BRAKE LEVERAGE.— The leverage and 
total pressure on the brake cylinder is so 
proportioned that under ordinary circum- 
stances, with a dry rail, the wheels cannot 
skid. If the rail is in bad condition for 
stopping, the leverage and pressure being the 
same as under normal conditions, would 
probably skid the wheels if the brake cylin- 
der be charged with the full pressure. In 
such instances care should be taken not to 
slide the wheels by not introducing too 
much pressure to the brake cylinder. If the 
wheels slide, which can be instantly felt, the 
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handle is moved over to slow release, letting 
out air until the wheels revolve, then back to 
lap, and release again just before the car 
comes to a dead stop, so as to prevent a dis- 
agreeable chuck, which follows if a car comes 
to a dead stop with the brakes applied. 

Figure 4 shows a Christensen air brake 
equipment, consisting of exactly the same 
parts as are mounted underneath the car, 
with the air brake and hand brake con- 
nected up in the same manner as it is in 
actual operation. 

INSTRUCTIONS TO MOTORMEN IN THE 
OPERATION OF THE MERRITT AIR 
BRAKE COMPANY'S SYSTEM* 

STARTING CAR. — Before starting car, 
motorman should first ascertain, both by 
consulting the air gauge and making at least 
one brake application, that he has air press- 
ure with which to control the movement of 
the car. 

MOTOR COMPRESSOR.— To start the 
motor compressor, close the air-brake 
switch, when the pump will continue to run 
until the maximum pressure is reached. 




FIG. 4.— CHRISTENSEN AIR BRAKE EQUIPMENT 
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FUSE. — Should the cotdpresBor fail to 
start, see that the fuse is not blown. If it is, 
do not put in a larger fuse than is furnished 
for the motor compressor. Should the fuse 
again blow, in all cases report the same to 
the person in charge at the depot. 

GOVERNOR.— Should the governor (or 
controller) fail at any time when on the road 
to work, cut it out by closing the valve in 
the controller pipe. See that the cross head 
is in contact with the terminals, and govern 
the air pressure with the air-brake switch, 
taking care to throw the switch when 
the maximum and minimum pressures are 
reached. Report same when car house is 
reached. 

ENGINEER’S VALVE.-The engineer’s 
valve is so constructed that the amount of 
brake pressure is automatically controlled 
according to the movement given the op- 
erating handle. 

The running position of the engineer’s 
valve is central, or when the operating han- 
dle is in the removable position. 

When you want to apply the brake, pull 



the handle to you until you feel the brake 
take hold. When you want to release the 
brake push the handle from you. 

SERVICE STOPS.-To make a service 
stop, pull the handle to you until you feel 
the car coming to a stop, as with the hand 
brake, and should the car not respond as 
desired, a further movement of the handle 
will admit more air to the brake cylinder. 

As the car comes to a rest, release the 
brake pressure as with the hand brake, until 
there remains in the brake cylinder only 
enough pressure to hold the car. 

EMERGENCY STOP. — Emergency applica- 
tion should be made only when absolutely 
necessary. For an emergency stop pull the 
handle to you, first to bring the brake shoe 
in contact with the wheels, and then pull the 
handle to extreme travel when the full reser- 
voir pressure will be admitted to the brake 
cylinder. 

SLIDING WHEELS.-Should the wheels 
slide on account of bad rail or other causes, 
release the air until the wheels begin to re- 
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volve, and then apply the air slowly until the 
required pressure is obtained. Too much 
brake pressure will slide the wheels every 
time. Don’t fail to see that you have air be- 
fore starting the car. 

Don’t take the car out before trying the 
air brake. 

Don’t use larger fuse than is furnished for 
the motor compressor. 

Don’t try to start the car with the air 
brake set. 

Don’t use the air brake handle upside 
down, because you may leave the valve in 
such a position that the brake cannot be set 
from the other end of the car when you 
change ends. 

Don’t make more than one application 
when stopping the car. 

Don’t fail to release the brake as the car 
comes to a stop. 

Don’t apply more air when the wheels slide. 
Release and use less. 

Don’t make emergency application unless 
absolutely necessary. 

Don’t fail to put air brake handle where 
it belongs. 



Don’t leave the car for any lengUi of time 
without applying the hand brake. 

Don’t fail to report a poor braking car to 
the person in charge of shop. 

HAND BRAKES. 

The failure of the brakes is a very serious 
occurrence, especially if it be that the brake 
chain or rod parts, or it becomes detached 
from the brake lever by the bolt either break- 
ing or dropping out. The bolt referred to is 
the bolt that fastens the brake rod to the 
brake lever. 

If this should happen on a crowded thor- 
oughfare you should immediately reverse 
your car and apply the power, just a little, 
bringing the car to as near a standstill as 
you can, and then signal your conductor to 
put the rear brake on, and when the car is 
entirely stopped you will arrange with your 
conductor as to what is to be done. 

In an emergency of this kind it would be 
well to do everthing without letting the pas- 
sengers know that anything out of the ordi- 
nary had occurred. The safest way would 
be to have your car pushed or towed home, 



and it is always safer to have the car towed 
than it is to have it pushed when it is con- 
venient to do so, as then the car being ope- 
rated would be in front, which is much the 
safer way. This rule applies to all cases 
when cars are disabled and cannot be ope- 
rated. 

If the cars are on a long headway, and the 
streets are not too crowded, you could, by 
pre-arranged signal, run your car home by 
the conductor operating the rear brake. Of 
course the motorman, in such a case, must 
stand ready to use the reverse and must 
greatly , increase the distance in which to 
make a stop. When it becomes necessary to 
use the reverse, do not put on the power too 
fast. On a controller car the first or second, 
or not more than the third, position would 
be sufficient, and on a car equipped with a 
T. H. rheostat the first quarter would be the 
limit. 

All the power that it is necessary to apply 
is just sufficient to turn the wheels slowly in 
a reverse direction to that in which the car 
is going. Make sure and reverse fully and 
follow the instructions given in regard to 
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putting on the power, because if you put oh 
too much power all at once it is liable to 
blow the fuse, and then you surely would be 
in a sad plight. The only thing for you to do 
in such a case, meaning that when you re- 
verse the car and the fuse blows out on 
account of a brake failure of any description, 
would be for you to throw the controller 
handle all the way around to the ‘Moop,” or 
last parallel position. In case of a broken 
brake chain it would only take a short while 
to take the brake chain from the other end 
and use in place of the broken one. If you 
ever have occasion to .do this, first block the 
wheels so that the car would not move, and 
with the aid of a small monkey wrench you 
could make the change in a short time. 

In case of a brake rod-bolt breaking or 
dropping out, you could use your bell-bunch 
if it was short enough and did not catch 
on the pilot board when the brake was 
released; this, of course, would depend 
on the style of the truck under your 
car. It might happen that the brake 
chains would be getting longer each trip you 
make and winding around the brake spindle 
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two or three turns, which would result in 
your failing to stop your car in the distance 
that you ought to, or perhaps not at all. 
You will probably find that the turn-buckles 
have slacked oflT on the brake connecting rod, 
and you can easily determine this by seeing 
whether the tum-buckle has turned away 
from the check-nuts or not, and if they are, 
you could turn the turn-buckles back up to 
the check-nuts and operate your car in safety. 
Where anything like this occurs you should 
report the matter as soon as possible. Of 
course these are things that should very rare- 
ly occur, but it is well’ to know how to 
temporarily repair them, so as to complete 
your trip or day^s work or until you get to 
the depot. 

In handling a car you should always know 
where the brake-handle will set to stop the 
car, and to know this you should set the 
handle by ratchet until you get it where it 
will suit j’^ou best and then let it stay there, 
and not let it fly off in releasing the brakes, 
because if you do you cannot know where 
the handle will set when you come to make 
your next stop. Besides this being an im- 
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portant point in the handling of your car> it 
is very disagreeable to passengers to have 
a motorman continually letting fly the 
brake-handle and making a disagreeable 
noise. This is especially disagreeable on 
open cars when passengers are riding on the 
front seat. 

You should not have your brake set 'any 
when you have the power on, and in going 
down grade you should allow the car to 
coast as far as possible without using power 
or brakes, keeping the car under control all 
the while, and not running in excess of speed 
allowed and determined by your superin- 
tendent. 

You should strive to become a good judge 
of distance, so that you could be able to tell 
pretty nearly how far the car will run after 
shutting off the power. 

Of course, you must take into considera- 
tion as to what grade there is at that point, 
if any, and in this way the car can be stop- 
ped easily and everything will work nicely 
and smoothly. This way is far ahead of run- 
ning within two car lengths of a crossing, 
knowing that you have to make a stop, and 



then throwing off the power with a bang, 
jamming the brakes down in a mad struggle 
to stop the car, as though your life depended 
on it, and if any passengers are standing up 
in the car, throwing them all over the car, 
and if the brake is a good one sliding the 
wheels, which makes them flat. 

Of course, it is expected that the conductor 
shall give the signal to stop in time, so that 
the motorman will not be required to make 
such a stop. 

When the rail is anyway slippery at all you 
should run your car very cautiously, also 
during a.heavy fog, and not take any chances 
whatever; and do not run up too close to a 
railroad crossing before commencing to get 
your car under control. It would be rather a 
poor excuse, in my estimation, to say that 
the rail was slippery after running into an- 
other car at a railroad crossing, knowing 
that there was a crossing there and the rail 
was slippery. 

A brake that has such good leverage and is 
so evenly adjusted as to slide all the wheels 
without any unusual exertion on the part of 
a motorman is certainly in good condition, 
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and neither steam, electric, or air brakes 
can do any more than this ; but a competent 
motonnan will, when he feels the wheels 
sliding, release on the brake and work it in 
a see-saw motion in stopping the car. 

Of course, the tnore slippery the rail is the 
more liable and the easier it is to make the 
wheels slide. 

In regard to the use of sand, some motor- 
men will not use one sand box full during the 
whole day, while another man will fill both 
boxes on each trip. The one man uses 
it only when absolutely necessary, just a 
little in starting up on a slippery rail and 
sometimes a little in stopping, in case a team 
cuts in on the track ahead of him, but at all 
stops to take on or discharge passengers, he 
does not use any at all. The other man uses 
sand without any judgment, as though the 
more sand he used the better motorman he 
was. In starting up, the car does not move 
fast enough for him, because instead of apply- 
ing the power gradually he throws it away- 
around on perhaps the last position and the 
wheels spin around, but the car makes but 
little headway and then he pulls the sand 



lever and kts out a lot of ^and and away 
goes the car with a bound and a noise as 
though it was running over cobble stones 
and before he recovers himself from the sud- 
den start the car gives, he is close to the next 
street crossing, and if he gets a bell to stop 
then down goes the brakes again with all his 
might, the wheels slide on the slippery rail 
and then he jumps for the sand lever again, 
and drops a lot more sand, and the car 
comes to a sudden stop. 

When he starts up again the car has a flat 
wheel, he has done so much damage in five 
seconds that it will necessitate the taking 
out of the wheels and putting in another pair 
while the other ones are having the flat spots 
ground out of them, which operation takes 
from two to five hours, besides the enormous 
expense of new wheels, not counting the loss 
while the car is out of service. Motormen 
should strive to be able to tell the difference 
between bad rails and a bad brake and when 
either of these two conditions exist all pre- 
caution should be taken against collisions of 
any description. 

The man that inins his car with ease comes 
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Up to the cud of the Hue on time, no accidents 
and no passengers wondering as to whether 
he was a green motorman or not, or whether 
there was anything the matter with the car. 

If a truck driver is on the track ahead of 
him he rings his gong, and if the truck driver 
looks back the motorman gives him a pleas, 
ant nod and a smile, and at the first oppor- 
tunity the driver pulls out of his way, and 
when these drivers get together, which they 
often do and compare notes, they decide that 
Smith, the motorman, is a jolly good fellow, 
and they all decide to give him a clear rail 
whenever they have the opportunity. 

The other motorman comes up late, all con- 
fused and excited, perhaps narrowly escaped 
running into a coal or brewery wagon, and 
he is more fatigued after making one trip 
than the other man is after making a full 
days’ work. His brake is out of order, or 
something is the matter with. his car all the 
time, even though there are one hundred cars 
at the depot, and he gets a different car each 
day. It makes no difference to him that 
other men declare the car all 0. K. ; he has 
been a motorman for a certain length of time. 
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and knows all about it. If a truck driver 
gets in his way he awears at him and calls 
him a lot of vile names, and the truck driver 
gets stubborn and drags the car for a longer 
distance than if Smith had been the motor- 
man. Two or three times a week he gets a 
fresh supply of fuse, while other men carry 
the same supply all the year around. There 
are some motormen that are never heard of 
from one month’s end to another, and you 
never know that they are working for the 
company at all unless you see them, as 
they never have any accident reports 
to make out, and about the only man 
that knows they are working is the time- 
keeper. 

I can recall to mind quite a number of 
motormen that never brought in a crippled 
car or never broke or damaged a fender or 
had any accident of any description, which 
goes to show that, with careful handling 
and the exercise of good judgment, a car 
should rarely become disabled and acci- 
dents are possible to be avoided to a great 
extent. 


7 
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CIRCUITS OF G. E. CONTROLLERS. 

The following is the course of the current 
in a G. E., type K or K-1, controller, with 
two motors, in a series parallel connection 
with shunt method of operation : 

FIRST POSITION. 

The current passes from the trolley wire to 
the trolley wheel, through trolley pole to 
trolley stand, then through wire leading to 
number 1 overhead switch (M. M. switch). 
When switch is closed the current passes 
through the wire leading to number 2 over- 
head switch (M. M. switch) ; and when 
switch is closed the current passes through 
wire leading to and connecting with the fuse 
box (cut-out box), leaving same and passing 
through wire which connects with lightning 
arrester. When a T. H. lightning arrester is 
in circuit the current passes in at a point 
marked A, passing through blow-out mag- 
net coil, leaving at a point marked B ; then 
passing through a wire connecting with wire 
in cable marked T (meaning trolley). The 
current passes through this wire, which con- 
nects with terminals marked T on connec- 





m 


tion board of each controller, and also in 
connection with each blow-out magnet coil 
of controller. The current then passes 
through blow-out magnet coil, when in op- 
eration, ,and then passes through a wire 
connectiiig with the top contact wiper or 
finger of each controller. When controller 
cylinder is thrown to the first position the 
current passes through wire marked R-1 
which, is :the first wire connecting with the 
rheostat or resistance, leaving the rheostatic 
circuit through wire marked R-S, connecting 
with terminal marked R-3 on connection 
board of each controller — that connecting 
with wire marked number 19, which is the 
main circuit wire of number 1 motor’s en- 
tire circuit; that connecting with the bot- 
tom contact wiper or finger of reverse switch 
or reverse cylinder. When reversing switch 
or cylinder is thrown ahead for the forward 
motion of the car the current passes to and 
leaves at the 2nd contact wiper up on the 
reverse switch, passing through wire marked 
A-1, which is the wire connecting with the 
brush-holder of number 1 motor’s armature 
circuit. The current then passes through the 
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armature circuit, leaving at opposite brush- 
holder, passing through wire marked AA-1, 
which connects with the 3rd contact wiper 
up on reverse switch — the current leaving at 
the 4th contact wiper up on reverse switch 
then passing through wire marked F-1, which 
is the wire connecting with the field circuit of 
number 1 motor, which is composed of one, 
two or four fields, leaving the same and pass- 
ing through wire marked E-1, which* is the 
ground end wire of number 1 motor’s entire 
circuit ; that leading to and connecting with 
the centre bar of number 1 motor cut-ont 
switch.- The current then passes through 
wire and connects with the contact wipers 
marked E-1, and that in connection with 
(through) cylinder to wire marked number 
15, which is the main circuit wire of number 
2 motor’s entire connection; that connect- 
ing with the 5th contact wiper up on 
reverse switch, the current leaving at the 
6th contact wiper up on the reverse 
switch, passing through wire marked 
A-2, which is the wire connecting with 
the brush holder of number 2 motor’s arma- 
ture circuit ; the current then passes through 
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armature circuit; leaving at opposite brush 
holder, passing though wire marked AA-2, 
which connects with the seventh contact 
wiper up on reverse switch, the current 
leaving at the eighth contact wiper up on the 
reverse switch, then passing through wire 
marked F-2, which is the wire connecting 
with the field circuit of number 2 motor, 
which is composed of one, two or four field 
coils, leaving same, and passing through 
wire marked E-2, which is the ground-end 
wire of number 2 motor's entire connection, 
that leading to and connecting with the 
main ground wire marked (G) at motor. 
The above is the complete circuit of two 
motors, in series, in connection with G. E. 
Controller, type K or K— 1, on first position. 

SECOND POSITION. 

When using the second position the two 
motors are still held in series, the circuit be- 
ing the same as on the first position, but 
with this exception, that instead of the cur- 
rent passing through wire R-1, it passes 
through wire marked R-2, which leads to 
and connects with the rheostatic circuit. On 
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this position, a part of the resistance is cut 
out, leaving about half of the number of pan- 
els of resistance in connection with motor cir- 
cuit, which allows an increased speed held 
with motors by an increase of current to 
motor terminals. 

THIRD POSITION. 

When using the third position the two mo- 
tors are still held in series, the circuit being 
the same as on the first and second positions, 
but with this exception, that there is no rheo- 
static connection whatever with motor cir- 
cuit, the current being direct to motor 
terminals, which allows a still greater speed 
held with motors over and above that of the 
second position by an increase of current 
to motor terminals. 

FOURTH POSITION. 

When using the fourth position the two mo- 
tors are still held in series, as on the preceding 
positions, and without exterior resistance, but 
with this exception, that the field circuits are 
shunted, the current shunted from number 1 
motor’s field circuit is carried to the ground 
through number 2 motor’s armature circuit. 



the current shunted from number 2 motor’s 
field circuit is carried to the ground through 
the main ground wire terminal in the con- 
troller; the shunting of the field circuit of 
motors number 1 and 2 decreases ithe field 
strength, which allows an increased current 
at armature terminals, which gives an added 
increase of speed to the armatures. 

FIFTH POSITION. 

When using the fifth position the two mo- 
tors are placed in parallel or multiple, with 
about one-half of rheostatic panels of resist- 
ance in connection with same, the current 
passing to rheostat through wire marked 
R-2. On this position the wire marked 
E-1, which is ground end wire of number 
1 motor’s entire connection is placed in 
connection by the controlling cylinder 
to main ground wire in controller. The 
circuit of number 2 motor is in connection 
with that of number 1 motor’s main circuit 
wire marked number 19, that connecting 
with wire marked number 15, which is num- 
ber 2 motor’s main circuit wire; the ground 
end wire of number 2 motor’s circuit, which 
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is wire marked E-2, is still held in connection 
with main ground wire at motor. 

SIXTH POSITION. 

When using the sixth position the two mo- 
tors are still held in parallel or multiple as 
on the fifth position, but with this exception, 
there being no exterior resistance, the current 
being direct to motor terminals, the current 
passing to number 1 motor^s circuit through 
wire marked number 19 in controller, the 
current passing to number 2 motor^s circuit 
through wire marked number 15 simul- 
taneously. Wires marked number 15 and 
number 19 are held in circuit by the connec- 
tion of the contact wiper marked R-4. 

SEVENTH POSITION, 

When using the seventh position the two 
motors are still held in parallel or multi- 
ple as on the sixth position, but with this ex- 
ception, the field circuit being shunted, the 
current shunted from number one motor’s 
field circuit is carried to the ground through 
the main ground wire terminal in controller, 
the current shunted from number 2 motor’s 
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fidd circuit is carried to the ground through 
the main ground wire terminal in the con- 
troller. 


EXPLANATORY NOTE. 

When changing the controlling cylinder 
from a series to a parallel connection, the 
number 2 motor’s circuit is entirely cut out 
when midway between the fourth and 
fifth positions, but when the two motors 
are placed in multiple the connection 
is not made in full until on the fifth po- 
sition. The shunt resistance used in con- 
nection with motors are usually tapped 
from the field leads on the positive 
side of the field circuit. The ground ends 
of shunt resistance are placed in connec- 
tion with controllers by wires marked L-1 
and L-2. The safe running positions or con- 
tinuous points on a type K or K-1 controller 
are 3, 4, 6, and 7, and the unsafe positions 
are 1, 2, and 5, which are rheostatic or re- 
sistance points. The safe running positions 
are designated by the long raised bars on 
dial plate on cap of controller and the rhe- 
ostatic, or resistance points, are designated 



by the short-raised bars on the dial plate. 
The longer of the shorter bars are on the 
series connection positions of controller, 
while the shortest of the shorter bars are on 
the multiple positions of the controller. 

CIRCUITS OF G. E. CONTROLLER 
TYPE K-2. 

The following is the direction of the cur- 
rent in connection with a G. E. controller 
type K-2 : 

With two motors in a series parallel con- 
nection with shunt method of operation. 

FIRST POSITION. 

The current passes from the trolley wire to 
the trolley wheel, through trolley pole to the 
trolley stand, then through wire leading to 
number 1 overhead switch (M. M. switch). 
When switch is closed the current passes 
through the wire leading to number 2 over- 
head switch (M. M. switch); and when 
switch is closed the current passes through 
wire connecting with the fuse box (cut-out 
box), leaving same and passing through 
wire connecting with lightning arrester. 



course of current through the resistance 
position of controller, the unbroken line showing the 

imouil cut showing thJ 
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When a T. H. lightning Mrester is in circuit 
the current passes in at a point marked A, 
passing through blow-out magnet coil, 
leaving at a point marked B, then passing 
through a wire which connects with wire in 
cable marked T (meaning trolley). The cur- 
rent passes through this wire, which con- 
nects with terminals marked T on connec- 
tion board of each controller and also in 
connection with each blow-out magnet coil 
of controller. The current passes through 
blow-out magnet coil when in operation and 
then passes through wire connecting with 
the top contact wiper or finger of each con- 
troller. When controller cylinder is thrown 
to the first position the current passes 
through a wire marked R-1, which is the first 
wire connecting with the rheostat or resist- 
ance, leaving the rheostatic circuit through 
wire marked R-4, which connects with ter- 
minal marked R-4 on connection board 
of each controller, that connecting with 
wire marked number 19, which is the main 
circuit wire of number 1 motor’s entire cir- 
cuit, that connecting with the bottom con- 
tact wiper or finger of reverse switch or 
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reverse cylinder. When reversing switch or 
cylinder is thrown ahead, for the forward 
motion, the current passes to and leaves at 
the second contact wiper up on reverse 
switch, passing through wire marked A-1, 
which is the wire connecting with the brush 
holder of number 1 motor’s armature circuit. 
The current then passes through armature 
circuit, leaving at opposite brush holder, 
passing through wire marked A A-1, which 
connects with the third contact wiper up on 
reverse switch, the current leaving at the 
fourth contact wiper up on reverse switch, 
then passing through wire marked F-1 , 
which is wire connecting with the field cir- 
cuit of number 1 motor, which is composed 
of either one, two, or fqur field coils, leaving 
same and passing through wire marked E-1, 
which is the ground end wire of number 1 
motor’s entire circuit, that leading to and 
connecting with the center bar of number 1 
motor’s cut-out switch. The current then 
passes through ,a wire and connects with the 
contact wipers marked E-1, and that in c6n- 
nection with (through cylinder) to wire 
marked number 15, which is the main circuit 



wire of number 2 motor’s entire circuit, that 
connecting with the 5th contact wiper up on 
reverse switch, the current leaving at the 
6th contact wiper up on the reverse switch, 
passing through a wire marked A-2, which is 
the wire connecting with the brush holder of 
of number 2 motor’s armature circuit, the 
current then passes through armature cir- 
cuit, leaving at opposite brush holder ; then 
passing through wire marked AA-2, which 
connects with the 7th contact wiper up on 
reverse switch, the current leaving at the 8th 
contact wiper up on the reverse switch, then 
passing through wire marked F-2, which is 
wire connecting with the field circuit of num- 
ber 2 motor, which is composed of either one, 
two, or four field coils, leaving same and 
passing through wire marked E-2, which is 
the ground-end wire of number 2 motor’s en- 
tire circuit, that leading to and connecting 
with the main ground wire marked (G) at 
motor. 

The above is the complete circuit of two 
motors in series, in connection with a 
G. E. Controller, type K-2, on the first posi- 
tion. 
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SECOND POSITION, 

When using the second position the two 
motors are still held in series, the circuit 
being the same as on the first position, but 
with this exception, that instead of current 
passing through wire marked R-1 it passes 
through wire marked R-2, which leads to 
and connects with the rheostatic circuit. On 
this position a portion of the resistance is 
cut out, leaving about one-third of the resist- 
ance in connection with motor circuits, 
which allows an increased speed, held with 
motors, by an increase of current to motor 
terminal. 


THIRD POSITION. 

.When using the third position, the two 
motors are still held in series, the circuit be- 
ing the same as on the first and second posi- 
tions, but with this exception, that instead 
of the current passing through the wire 
marked R-1 and R-2 it passes through wire 
marked R-3, which leads to and connects 
with the rheostatic circuit. On this position 
a still larger portion of the resistance is cut 
out leaving about one-twelfth of resistance 
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in connection with motor circuits, which 
also allows an increased speed held with mo- 
tors over and above that of the second posi- 
tion by an increase of current to motor ter- 
minals. 

FOURTH POSITION. 

When using the fourth position the two 
motors are still held in series, the circuit be- 
ing the same as on the first, second and third 
positions, but with this exception, that there 
is no rheostatic connection whatever with 
motor connection, the current being direct to 
the motor terminals, which allows a still 
greater increase of speed, held with motors 
over and above that of the third position, by 
an increase of current to motor terminals. 

FIFTH POSITION. 

When using the fifth position the two mo- 
tors are still held in series, as on the preced- 
ing positions and without exterior resist- 
ance, but with this exception, that the field 
circuits are shunted, the current shunted 
from number 1 motor’s field circuit is car- 
ried to the ground through number 2 mo- 
tor’s armature circuit. The current shunted 

8 
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from number 2 motor’s field circuit is carried 
to the ground through the main ground 
wire terminal in the controller. The shunt- 
ing of field circuits of motors number 1 and 
2 decreases the field strength which allows 
an increase of current at armature terminals 
which gives an added increase of speed to 
armatures. 

SIXTH POSITION. 

When using the sixth position the two mo- 
tors are placed in parallel or multiple with 
one-third of resistance in connection with 
same, the current passing to rheostat or 
resistance through wire marked R-2. Qn 
this position the wire marked E-1, which is 
ground-end wire of number 1 motor’s entire 
circuit, is placed in connection by the con- 
trolling cylinder to main ground wire in con- 
troller. The circuit of number 2 motor is in 
connection with that of number 1 motor’s 
main circuit wire marked number 19, that 
connecting with wire marked number 15, 
which is number 2 motor’s main circuit wire. 
The ground-end wire of number 2 motor cir- 
cuit, which is marked E-2, is still held in con- 
nectio.i with main ground wire at motor. 
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SEVENTH POSITION. 

When using the seventh position, the two 
motors are still held in parallel or mul- 
tiple, as on the sixth position, but with this 
exception, that only one-twelfth of resistance 
is placed in circuit w’ith the same, the current 
passing to rheostat or resistance through 
wire marked R-3, which allows an increase 
of current at motor terminals, and gives an 
added increase of speed to armature. 

EIGHTH POSITION. 

When using the eighth position, the two 
motors are held in parallel or multiple, as on 
the seventh position, except without exterior 
resistance, the current being direct to motor 
terminals, the current passing to number 1 
motor’s circuit through wire marked number 
19 in controller, the current passing to num- 
ber 2 motor’s circuit through wire marked 
number 15 simultaneously. Wires marked 
number 19 and 15 are held in circuit by the 
connection of the contact wiper marked R-4. 

NINTH POSITION. 

When using the ninth position, the two mo- 
tors are still held in parallel or multiple as on 
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the eighth position, but with this exception, 
the field circuits being shunted, the current 
shunted from number 1 motor’s field circuit 
is carried to the ground through the main 
ground wire terminal in controller. The cur- 
rent shunted from number 2 motor’s field cir- 
cuit, is carried to the ground through the 
main ground wire in controller. 

EXPLANATORY NOTE. 

When changing the controller cylinder from 
a series to a parallel connection with a G. E, 
typ)e K-2 controller, the number 2 motor’s 
circuit is entirely cut out when midway be- 
tween the fifth and sixth positions, but 
when the two motors are placed in parallel 
the connection is not made in full until on 
the sixth position. The shunt resistance 
used in connection with motors are tapped 
from the field leads on the positive side of the 
field circuit, the same as that with a type K 
or K-1 controller. The ground ends of shunt 
resistance are placed in connection with con- 
troller b}’^ wires marked L-1 and L-2, the 
same as on a type K or K-1 controller. The 
safe running positions on a type K-2 con- 
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troller are 4, 5, 8, and 9 ; the unsafe running 
positions are 1, 2, 3, 6, and 7, which are 
rheostatic or resistance points. The safe 
running positions are designated by the long 
raised bars on dial plate on cap of controller, 
and the rheostatic or resistance points are 
designated by the short raised bars on the 
dial plate. 

DIRECTION OF CURRENT WITH G. E* 
TYPE K-IO OR U CONTROLLER* 

The course of the current from the trolley 
wire to the trolley contact wiper in controller 
is the same as that of the types K, K-1, or 
K-2. 

FIRST POSITION. 

When controlling cylinder is thrown to the 
first position the current passes through a 
wire marked R-1, which is the first wire con- 
necting with the rheostat or resistance, leav- 
ing the rheostatic circuit through a wire 
marked R-5, which connects with the termi- 
nal marked R-5 on connection board of each 
controller, that connecting with the wire 
marked number 19, which is the main circuit 






wire of number 1 motor’s entire circuit ; that 
connecting with the bottom contact wiper 
or finger of reverse switch or reverse cylinder. 
When reversing switch or cylinder is thrown 
ahead for the forward motion the current 
passes to and leaves at the second contact 
wiper up on reverse switch passing through 
wire marked A-1, which is the wire connect- 
ing with the brush holder of number 1 mo- 
tor’s armature circuit; the current then 
passes through armature circuit, leaving at 
opposite brush holder, passing through wire 
marked A A-1, which connects with the third 
contact wiper up on reverse switch, the cur- 
rent leaving at the fourth contact wiper up 
on reverse switch, then passes through wire 
marked F-1, which is the wire connecting 
with the field circuit of number 1 motor, 
which is composed of 1, 2, or 4 field coils, 
leaving same and passing through wire 
marked E-1, which is the ground-end wire of 
number 1 motor’s entire circuit. That lead- 
ing to and connecting with the right hand 
bar of number 1 motor’s cut-out switch; 
the current then passes through a wire and 
connects with the contact wipers marked 



E-1, and those in connection with (through 
cylinder) wire marked number 15, which is 
the main circuit wire of number 2 motor’s 
entire circuit, that connecting with the fifth 
contact wiper up on reverse switch, the cur- 
rent leaving at the sixth contact wiper up on 
the reverse switch passing through a wire 
marked A-2, which is the wire connecting 
with the brush holder of number 2 motor’s 
armature circuit. The current then passes 
through armature circuit, leaving at oppo- 
site brush holder, passing through wire 
marked AA-2, which connects with the 
seventh contact wiper up on reverse switch, 
the current leaving at the eighth contact 
wiper up on reverse switch, then passing 
through wire marked F-2, which is wire con- 
necting with the field circuit of number 2 
motor, which is composed of 2, or 4 field 
coils, leaving same and passing through a 
wire marked E-2, which is the ground-end 
wire of number 2 motor’s entire circuit, that 
leading to and connecting with the main 
ground wire marked (G) at motors. 

The above is the complete circuit of two 
motors in series in connection with a G. E. 
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controller types K*10 or K-11 on the first 
position. X 

SECOND POSITIOI^. 

When using the second position the two 
motors are still held in series, the circuit be- 
ing the same as on the first position, but 
with this exception, that instead of the cur- 
rent passing through the wire marked R-1 it 
passes through the wire marked R-2, which 
leads to and connects with the rheostatic 
circuit. 

On this position a portion of the resistance 
is cut out, leaving about three-fourths in 
connection with motor circuits, which allows 
an increase of speed held with motors by an 
increase of current to the motor terminals. 

THIRD POSITION. 

When using the third position the two 
motors are still held in series, the circuit 
being the same as on the first and second 
positions, but with this exception, that in- 
stead of the current passing through the 
wires marked R-1 and R-2 it passes through 
a wire marked R*3, which leads to and con- 
nects with the rheostatic circuit. On this 



position a still larger portion of the resist- 
ance is cut out, leaving about one half of the 
resistance in connection with motor circuits, 
which also allows an increase of speed held 
with motors over and above that of the sec- 
ond position by an increase of current to the 
motor terminals. 

FOURTH POSITION. 

When using this position the two motors 
are still held in series, the circuit being the 
same as on the first, second and third posi- 
tions, but with this exception, that instead 
of the current passing through wires marked 
R-1, R-2 or R-3, it passes through a wire 
marked R-4, which leads to and connects 
with the rheostatic circuit. On this position 
a still larger portion of the resistance is cut 
out, leaving about one-fourth in connection 
with the motor circuits, which also allows 
an increase of speed held with motors over 
and above that of the third position by an 
increase of current at the motor terminals. 

FIFTH POSITION. 

When using the fifth position the two mo- 
tors are still held in series, the circuit being 
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the same as on the first, second, third, and 
fourth positions, but with this exception, 
that there is no rheostatic connection what- 
ever with the motor circuit; the current 
being direct to motor terminals, which al- 
lows a still greater increase of speed held 
with motors over and above that of the 
fourth position by an increase of current to 
motor terminals. 

SIXTH POSITION. 

When using the sixth position the two mo- 
tors are placed in parallel or multiple with 
about three-fourths of the resistance in con- 
nection vC^ith the same, the current passing to 
rheostat or resistance through the wire 
marked R-2. On this position the wire 
marked E-1, which is ground-end wire of 
number 1 motor’s entire connections, is 
placed in connection by the controlling 
cylinder to main ground wire in control- 
ler. The circuit of number 2 motor is in 
connection with that of number 1 motor’s 
main circuit wire marked number 19, that 
connecting with the wire marked number 15, 
which is number 2 motor’s main circuit wire. 
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The ground-end wire of number 2 motor’s 
circuit is always in connection with the main 
ground wire at the motor. 

SEVENTH POSITION. 

When using the seventh position the two 
motors are still held in parallel or multiple, 
as on the sixth position, but with this ex- 
ception, that about one-half of the resistance 
is placed in circuit with same, the current 
passing through rheostat, or resistance, 
through a wire marked R-3, which allows an 
increase of current at motor terminals and 
gives an added increase speed to armatures. 

EIGHTH POSITION. 

When using the eighth position the two 
motors are still held in parallel or multiple, 
as on the sixth and seventh positions, but 
with this exception, that about one-fourth of 
the resistance is placed in circuit with the 
same, the current passing to rheostat or re- 
sistance through a wire marked R-4, which 
allows an increase of current at the motor 
terminals and gives an added increase of 
speed to armatures. 
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NINTH POSITION. 

When using this position the two motors 
are still held in parallel or multiple, as on 
the sixth, seventh and eighth positions, but 
with this exception, that all the exterior re- 
sistance being cut out, the current being 
direct to motor terminal, and then passing 
to number 1 motor circuit through wire 
marked number 19 and then passing to num- 
ber 2 motor’s circuit through wire marked 
number 15 simultaneously. 

Wires marked number 19 and number 15 
are held in circuit by the connection of the 
contact wiper marked R-5. 

When changing controller cylinder from a 
series to a parallel connection, the number 2 
motor’s circuit is entirely cut out when mid- 
way between the fifth and sixth positions, 
the same as that of a circuit with a G. E. 
type K-2 controller. The two motors are 
placed in multiple when the controller is 
thrown to the sixth position, as on the type 
K-2 controller. 

The safe running positions of a G. E. type 
K-10 or K-11 controller are the fifth and 
ninth positions. The unsafe running posi- 
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tions are 1, 2, 3, 4, 6, 7 and 8, which are 
rheostatic^ or resistance points or positions. 
The safe running positions are designated by 
the long raised bars on the dial plate on cap 
of controller, and the rheostatic or resistance 
points ajre designated by the short raised 
bars on the dial plate. 

REVERSING SWITCH. 

The reversing switch or cylinder of a G. E. 
controller is constructed of wood or some 
other insulating material and is cylindrical 
in shape. The contact plates, of which there 
are 16 in number, are mounted upon this cyl- 
inder for the purpose of causing direction 
with the armature or armatures in connec- 
tion, with same, eight of which are for the 
forward motion and eight for the back- 
ward motion. When using the forward mo- 
tion, eight of the contact plates of the reverse 
switch are connected in pairs, beginning at 
the bottom of the reverse switch. The con- 
nections are made usually by a heavy wire, 
about number 4 size, and are embedded in the 
wood or insulating material of the switch. 
In this connection of both motors there are 
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four pairs of contact plates required^ the first 
two of which from bottom of switch up- 
ward represent number 1 motor’s connec- 
tions, while the third and fourth pair, count- 
ing from the bottom, represent number 2 mo- 
tor’s connection. 

The bottom contact wiper of the first pair 
is the number 19 wire connection, and the 
second contact wiper of this pair is the A-1 
lead connection. The third contact wiper up 
on the reverse switch, which is the first con- 
tact wiper of the second pair, is the AA-l 
lead connection. The fourth contact wiper 
up, which is the second contact wiper of the 
second pair, is the F-1 lead connection. The 
fifth contact wiper up on reverse switch, 
which is the first wiper of the third pair, is 
the number 15 wire connection. The sixth 
contact wiper up on the reverse switch, which 
is the second contact wiper of the third pair, 
is the A-2 lead connection. 

The seventh contact wiper up on the re- 
verse switch, which is the first contact wiper 
of the fourth pair, is the AA-2 lead connec- 
tion. 

The eighth contact wiper up on the reverse 
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switch, which is the second contact wiper of 
the fourth pair, is the F-2 lead connection. 

When reversing for a backward motion, 
the other eight contact plates are placed in 
connection with contact wipers and are con- 
nected in pairs the same as for the forward 
motion, but with this exception, that they 
are in alternate connection, that is, the 
first and third are in connection with 
each other, and also the second and fourth, 
which comprises number 1 motor's connec- 
tion, also the fifth and seventh, are in con- 
nection with each other, and the sixth and 
eighth contact plates are in connection, 
which comprises number 2 motor’s connec- 
tion. 

The first and third contact plates repre- 
sent, respectively, the connection of number 
19 wire and the AA-1 armature lead, and 
the second and fourth contact plates repre- 
sent the connection of the A-1 armature lead 
and the F-l field lead. 

The fifth and seventh contact plates repre- 
sent, respectively, the connection of number 
15 wire and AA-2 armature lead, and the 
sixth and eighth contact plates represent the 




r DIasrram showins: the ^course of current throufirh the resist- 
ance on each position of controller, the unbroken line showing 
the amount of resistance in, and the broken line showing the 
amount cut out. 
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connection of the A-2 armature lead and F-2 
field lead. 

The above is the complete connection for 
the forward and backward motion of the 
reverse switch in a G. E. type K, K-1, K~2, 
K-10 and K-11 controller, and is correct 
when applied to either controller of a car. 

WESTINGHOUSE 28 -A CONTROLLER^ 

The direction of the current in connection 
with a Westinghouse 28~A controller is iden- 
tical to that of the General Electric up to and 
including the trolley contact wiper in con- 
troller. 

When the controlling cylinder is on 
the first position, the current passes from 
the trolley contact wiper to the contact 
wiper marked R-l, that in connec- 
tion by wire to diverter number 2, leav- 
ing said diverter, rheostat, or resistance cir- 
cuit at terminal marked R-3, that in connec- 
tion by wire to arc coil in controller. The 
negative lead of this coil being in connection 
with the lower right-hand comer binding 
post of number 1 motor’s cut-out switch, 
that in connection with the top right-hand 
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binding post of number 1 motor’s cut-out 
switch, that being in connection with the 
left-hand binding post of contact wiper of 
reverse switch (when speaking of the left- 
hand binding post of the reversing switch); 
this is to be taken from the exact centre of 
reversing switch disc; this in connection 
with the binding post marked F-1+ ; that in 
connection with the cable lead marked F-1— 
which is the wire connecting with number 1 
motor’s field circuit, leaving same through 
wire marked F-1+ ; that in connection with 
terminal in controller marked marked F-1 — ; 
that in connection with binding post of re- 
verse switch marked F-1 — ; that in connection 
with binding post marked A-1+; that in con- 
nection with wire in cable marked A-1+, 
which is the wire connecting with the posi- 
tive brush-holder of number 1 motor’s arma- 
ture circuit, leaving the same at the opposite 
brush-holder, and then through wire marked 
A-1 — , which connects with terminal in con- 
troller marked A-1 — , and that in connection 
with the top left-hand binding post of num- 
ber 1 motor’s cut-out switch; that in con- 
nection with the bottom left-hand binding 





post of number 1 motor^s cut-out switch; 
that in connection with the terminal and 
contact wiper marked R-4. The current at 
this point passes through a wire marked 
R-4, which is in connection with number 1 
diverter, leaving same at terminal marked 
R-5, which is in connection with (through 
cylinder) the main circuit wire of number 2 
motor’s entire connection; that in connec- 
tion with the lower left-hand binding 
post of number 2 motor’s cut-out switch; 
that in connection with the top left-hand 
binding post of number 2 motor’s cut-out 
switch, that in connection with the right- 
hand binding post of reverse switch. The 
current then passes to the binding post 
marked F-2+; that in connection with wire 
in cable marked F-2 — , which is the wire con- 
necting with number 2 motor’s field circuit, 
leaving same at terminal and through wire 
marked F-2+, connecting with wire in con- 
troller marked P-2 — ; that in connection with 
through reverse switch to binding post 
marked A-2-F. The current then passes 
through wire marked A- 2—, which connects 
with the positive brush holder of number 2 
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motor’s armature circuit, leaving same at 
opposite brush holder through wire marked 
A-2+, which leads to and connects with the 
main ground wire at motor. 

The above is two motors in series on first 
position, with Westinghouse 28-A controller 
in connection with number 46 diverters. (Di- 
verters in this system means the rheostat or 
resistance,) 

SECOND POSITION. 

When using the second position the two 
motors are still held in series, as on the 
first position, the course of the current being 
the same but with this exception, that the 
number 1 diverter is cut out of circuit, with 
current passing through number 2 diverter, 
as on the first position, which allows an in- 
crease of current to motor tenninals, giving 
an increased speed to armatures. 

THIRD POSITION. 

When using the third position the two 
motors are still held in series, as on the first 
and second positions, the course of the cur- 
rent being the same ; but with this exception 
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— that about one-half of panels of number 
2 diverter is cut out, the current passing to 
diverter through wire marked R-2, which 
allows an increase of current to motor termi- 
nals giving an increase of speed to armature. 

FOURTH POSITION. 

When using the fourth position, the two 
motors are still held in series as on the first, 
second, and third positions, the course of the 
current being the same, but with this excep- 
tion, that both of the diverters are cut out 
of the circuit, the current being direct to 
motor terminals, giving a still greater in- 
crease of speed to armature, this is the first 
direct or safe running position on control- 
ler, marked one-half speed on dial plate. 

FIFTH POSITION. 

When using the fifth position, the two 
motors are placed in a parallel or multiple 
connection, with the number 2 diverter in 
connection with same. On this position the 
diverter wires, marked R-4 and R-5, act as a 
ground connection for number 1 motor’s cir- 
cuit, they being in connection with the main 



ground wire in controller. The number 2 
motor's circuit is held in connection by the 
main circuit wire of number 1 motor’s con- 
nection. 

SIXTH POSITION. 

When using the sixth position, the two mo- 
tors are still held in multiple, the course of 
current being the same as on the fifth posi- 
tion, but with this exception, that about one- 
half of the panels of number 2 diverter is cut 
out of circuit, the current passing to diverter 
through wire marked R-2, which allows an 
increase of current to motor terminals, giving 
an increased speed to armatures. 

SEVENTH POSITION. 

When using the seventh position, the two 
motors are still held in multiple, the course 
of the current being the same as on the 
fifth and sixth positions, but with this ex- 
ception, the entire diverter circuit being cut 
out, the current being direct to motor ter- 
minals, which allows the maximum speed of 
armature. This is the second direct or safe 
running position on controller, marked full 
speed on dial plate. 
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EXPLANATORY* 

When using the reverse switch the polarity 
of motors are changed on field circuit, which 
allows the backward motion or movement 
of the car. The polarity of armature circuit 
remaining intact either on the forward or 
backward motion. 

HOW TO FORM A CONNECTION TO 
OPERATE A CAR WITHOUT A 
CONTROLLER* 

To form this connection with resistance in 
circuit for a forward motion of the car on 
the end that this connection is made proceed 
as follows : 

Place the wire marked T in connection with 
wire marked R-1, and then place the wire 
marked R-3 if on a type K or K-1 cable, or 
wire marked R-4 if on a type K-2 cable, or 
wire marked R-5 if on a type K-10 or K>11 
cable, in connection with wire marked A-1, 
and then place wire marked AA-1 in connec- 
tion with wire marked F-1, and then place 
wire marked E-1 in connection with wire 
marked A-2, and then place wire marked 
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AA-2 in connection with wire marked F-2. 
The E-2 wire is in connection with the main 
ground wire and completes the circuit of two 
motors in a series connection. 

To form a connection without resistance in 
circuit proceed as follows : 

Place wire marked T in connection with 
wire marked A- 1, and then place wire marked 
AA-1 in connection with wire marked F-1, 
and place wire marked E-1 in connection 
with wire marked A-2 ; then place wire 
marked AA-2 in connection with wire marked 
F-2. This connection places two motors in 
series without resistance. In both of the 
aforementioned the motors are controlled by 
means of the main motor switches, throw- 
ing on to start and throwing off to stop 
movements of the car. 

To form a connection with the resistance 
in circuit for a backward motion of car on 
the end that this connection is made proceed 
as follows : 

Place the wire marked T in connection with 
the wire marked R-1, and then place the wire 
marked R-3, if on a type K or K-1 cable, or 
wire marked R-4 if on a type K-2 cable or 



m 


wire marked R-5 if on a type K-10 or K-11 
cable, in connection with wire marked AA-1, 
and then place wire marked A-1 in connec- 
tion with wire marked F-1 ; and then place 
wire marked E 1 in connection with wire 
marked AA 2, and then place wire marked 
A-2 in connection with wire marked F-2. 
The E-2 wire h in connection with the main 
ground wire and completes this circuit of 
two motors in series. 

To form a connection without resistance in 
circuit, proceed as follows : 

Place wire marked T in connection with 
wire marked AA-1, and place wire marked 
A 1 in connection with wire marked F-1 ; 
then place wire marked E-1 in connection 
with wire marked AA-2; then place wire 
marked A-2 in connection with wire marked 
F-2. The E-2 wire remains intact, as pre- 
viously stated. In both of the aforemen- 
tioned connections the motors are controlled 
by means of overhead switch, as previously 
stated. 
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TO OPERATE CAR WITH GROUNDED 
CONTROLLER CYLINDER. 

To make connection for operating motors 
without the use of the controller cylinder or 
resistance, for street operation, proceed as 
follows : 

Connect a wire to top contact wiper in con- 
troller which is trolley, and then connect to 
contact wiper marked number 19 ; then take 
a second wire and connect the contact wiper 
marked number 15 to contact wiper marked 
E-1. The aforementioned connection places 
the two motors in a series connection, and 
motors can be operated in either direction 
with the reverse switch placed in connection, 
operating circuit by use of overhead switch, 
throwing on to start and throwing off to 
stop the movements of car. See Diagrams 
2, 3 and 4. 

To operate motors without use of con- 
troller cylinder with resistance in connection 
proceed as follows : 

To make connection to place all resistance 
in circuit with motor circuit connect the con- 
tact wiper marked T to contact wiper 
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marked R-1 with a piece of wire; then con- 
nect contact wiper marked number 16 to 
contact wiper marked E-1 with wire. This 
connection places the two motors in series 
with the entire exterior resistance in circuit, 
and motors can be operated in either direc- 
tion by aid of reverse switch in connection, 
the circuit being governed by main motor 
switch, throwing on to start and throwing 
oflF to stop. See Diagrams 5; 6 and 7. 

To operate car Avith grounded reverse 
cylinder forward motion. In forming a 
connection to operate two motors without 
the use of reverse cylinder proceed as follows : 

To make a connection for forward motion 
with either controller connect contact wipers 
number 19 and A-1 together with wire, con- 
nect contact wipers marked A A-1 and F-1 to- 
gether with wire, connect contact wipers 
marked number 15 and A-2 together with 
wire, and connect contact wipers marked 
AA-2 and F-2 together with wire. This 
connection allows the motors to be ope- 
rated either in the series or parallel con- 
nection with controlling cylinder. See 
Diagram 8. 
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Backward motion. To make connection 
for a backward motion with either controller 
proceed as follows : 

Connect contact wipers marked number 
19 and AA-1 together with wire, connect 
contact wipers marked A-1 and P-1 together 
with wire, connect contact wipers marked 
number 15 and AA-2, together with wire, 
and connect contact wipers marked A-2 and 
F-2, together with wire; this connection 
allows the two motors to be operated either 
in a series or parallel connection with con- 
troller cylinder. See Diagram 9. 

To operate number 1 motor, without con- 
troller cylinder and without resistance, pro- 
ceed as follows : 

Connect the contact wiper marked T with 
contact wiper marked number 19, then con- 
nect contact wiper marked E-1 to contact 
wiper marked G, which is ground. The 
above connection forms a complete circuit of 
number 1 motor’s connection and motor can 
be operated in either direction with the 
reverse switch placed in connection, opera- 
ting circuit by use of main motor switch. 
See Diagrams 10, 11 and 12. 
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To Operate nutnber 2 motor without con- 
troller cylinder and without resistance, pro- 
ceed as follows : 

Connect the contact wiper marked T with 
contact wiper marked number 15, with wire. 
The above connection forms a circuit with 
number 2 motor’s connection and motor can 
be operated in either direction with the re- 
verse switch placed in connection, operating 
circuit by use of main motor switch. See 
Diagrams 13, 14 and 1 5. 

To operate number 1 motor without con- 
troller cylinder and with resistance : 

Connect the contact wiper marked T with 
contact wiper marked R-1, then connect con- 
tact wiper marked E-l to contact wiper 
marked G, which is ground. This connection 
fotms a complete circuit of number 1 motor’s 
connections with entire exterior resistance in 
circuit and motor can be operated in either 
direction with reverse switch placed in con- 
nection, operating circuit by use of the main 
motor switch. See Diagrams 16, 17 and 18. 

To operate number 2 motor without con- 
troller cylinder and with resistance, proceed 
as follows : 
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First tlM*ow up number 1 motor^s cut-out 
switch, then connect contact wiper marked 
T with contact wiper marked R-1 with wire, 
then connect contact wiper marked number 
19 to contact wiper marked number 16. 
This connection forms a complete circuit 
with number 2 motor’s connections with 
entire exterior resistance in connection with 
same, and motor can be operated in either 
dirction with the reverse switch placed in 
connection, operating circuit with main mo- 
tor switch. See Diagrams 19, 20 and 21. 

SUGGESTION. 

The aforementioned, relative to the method 
of operating a motor with the current direct 
and full pressure of line applied at terminals 
of motor is not thoroughly a practical idea, 
but could be done in extreme cases of emer- 
gency, and is given for information only. 

OPEN CIRCUITS. 

An open circuit means that the circuit is 
either broken or parted at some point or 
other. When an open circuit occurs on trol- 
ley wire circuit of car between trolley stand 
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and contact wiper in controller, two distinct 
conditions arise— first, that motors cannot 
be operated in either direction on any posi- 
tion with controller; second, if the open cir- 
cuit is located between the trolley stand and 
number 1 main motor switch, the lamp cir- 
cuit cannot be operated ; but if the open cir- 
cuit is located between the negative side of 
number 1 main motor switch and the posi- 
tive side of number 2 main motor switch the 
lamp circuit can be operated. 

The cause of this is that the main circuit 
wires of lamp circuits are usually attached 
to the positive lead of number 1 main motor 
switch or circuit breaker. 

When an open circuit occurs, either in the 
wire leading to the fuse box, or wire lead- 
ing to and connecting with the lightning 
arrester, or wire leading to and connecting 
with wire in cable marked T, the car can- 
not be moved in either direction on any posi- 
tion with controller. 

When the open circuit occurs with the R-1 
wire, or in panels of resistance of this connec- 
tion, the motors cannot be operated on the 
first position of the controller, but may on 
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the second position. To^ overcome this de- 
fect, connect R-1 and R-2 contact wipers in 
controller together with wire. This will 
allow the motors to be operated on the first 
position, but the motors will acquire the 
same speed as they would on the second posi- 
tion, if there had been no open circuit at all. 
See Diagram number 22. 

When an open circuit occurs on the R-2 
wire, the motors can be operated on all series 
positions, but cannot be operated on the 
first parallel position of controller. When 
the open circuit is located in the panels 
of resistance, the motors cannot be opera- 
ted until the third position is attained 
on the controller. Also, the motors can- 
not be operated on the first parallel 
position. To overcome this defect, connect 
the R-2 and the R-3 contact wipers in 
controller together with a piece of wire. 
This will allow the motors to be operated 
on all positions with the controller, the mo- 
tors acquiring the same speed on the second 
position as that of the third. The object of 
forming this connection, is so that the mo- 
tors may be operated on each and every 
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position with controller. For making this 
connection, see Diagram number 23. 

When an open circuit occurs on the R-3 
wire and the defect is located between the 
contact wiper in controller and tap on re- 
sistance jumper wire, the motors can be 
operated on all positions with the controller. 
When an open circuit occurs on jumper wire 
between the 1st rheostat and R-3 tap lead, 
the motors cannot be operated until the 
third position is attained ; also, on the sev- 
enth as well, the sixth position being cut out. 

To overcome *the last-named defect, con- 
nect the R-2 and R-3 contact wipers in con- 
troller together with a piece of wire, the 
same as in Diagram number 23. When the 
open circuit occurs in the panels of resist- 
ance of the R 3 connection, the motors can- 
not be operated until the fourth position is 
attained ; also, cannot be operated until the 
eighth position is attained as well on the con- 
troller. To overcome this defect, connect R-3 
and R 4 contact wipers in controller to- 
gether with a piece of wire; this will allow 
the motors to be operated on all positions 
with controller, the motors acquiring the 
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same speed on the third position as on 
that of the fourth. This applies to the 
G. E. controllers types K-2, K-10 and K-11. 
To form this connection see Diagram num- 
ber 24. 

When an open circuit occurs on the R 4 
wire of a type K-2 controller, the motors 
cannot be operated except on the fourth, 
fifth, eighth and ninth positions, respect- 
ively. To overcome this defect, connect R‘3 
and R-4 contact wipers in controller together 
with a piece of wire; this will allow the 
motors to be operated on all positions with 
controller, motors acquiring the same speed 
on the third position as on that of the fourth. 
This applies to the G. E. controllers, types 
Kr2, K-10 and K-11. To form this connec- 
tion see Diagram number 24. 

When an open circuit occurs on the R-4 
wire of a type K-10 or K-11 controller, the 
motors can be operated on all positions with 
controller ; but if open circuit occurs in pan- 
els of resistance the motors can be operated 
only on the fifth and ninth positions respect- 
ively. To overcome this defect connect R-4 
and R-5 wipers together in controUer with a 
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wire; this will allow the motor to be oper- 
ated on all positions with the controller, the 
motors acquiring the some speed on the 
fourth position as that of the fifth. This ap- 
plies to the G. E. controller type K-10 and 
K-11. To form this connection see Diagram 
number 25. 

When an open circuit occurs on the R-5 wire 
of a type K-10 or K-11 controller the motors 
can be operated on the fifth arid ninth posi- 
tions only. To overcome this defect connect 
contact wipers R-4 and R-5 together as in 
Diagram number 25. This connection closes 
the circuit with rheostat or resistance and 
allows the motors to be operated on all po- 
sitions with controller, the motors acquiring 
the same speed on the fourth position as that 
of the fifth. 

When an open circuit occurs on the field 
lead of motor and are in connection with a 
G. E. type K, K-1 and K-2 controller, with 
shunt method in connection, the motors can- 
not be operated until the fourth position on 
a K or K-1 controller is attained, or until 
the fifth position is attained on the type K-2 
controller. To locate the defective motor. 
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first cut out the number 1 motor and try to 
operate the car on the first position with 
controller, but if circuit cannot be formed, 
cut in the number 1 motor and try by cut- 
ting out the number 2 motor. When an open 
circuit occurs on an armature lead or reverse 
switch connection the motors cannot be op- 
erated on any of the series positions, but mo- 
tor in circuit can be operated on any of the 
parallel positions. 

When an open circuit is located on number 
1 motor’s armature lead or reverse switch 
connection, the number 2 motor cannot be 
operated until the first parallel position of 
the controller is attained. When an open 
circuit is located on number 2 motor’s arma- 
ture lead or reverse switch connections, the 
number 1 motor cannot be operated until 
the arrow indicator of the controlling cylin- 
der handle is midway between the series and 
parallel position. 

DEFECTS IN MOTORS. 

Under this heading a brief description of 
the various troubles and causes in street rail- 
way motors will be explained. 
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FI.RST-GROUND-feD ARMATURE.-A 
grounded armature is the result of one or 
more of the armature coils becoming in me- 
tallic connection with armature core or pole 
piece. This defect causes fuse to be blown in 
circuit, and shows up respectively with the 
series and parallel positions on the con- 
troller, namely, when the defect is located in 
number 1 motor^s armature circuit the fuse 
will be blown on the series positions, and 
when located in number 2 motor’s armature 
circuit the fuse will be blown on the parallel 
positions with controller, providing both 
motors are held in circuit by their respective 
cut-out switches. 

SECOND-GROUNDED COMMUTATOR. 
—A grounded commutator is the result of a 
segment or segments of the same becoming 
in metallic connection with the frame which 
supports it. This defect causes fuse to be 
blown in circuit, the same as that of 
grounded armature coil. This defect is 
either caused by an accumulation of carbon 
dust, or grease from the outer edge of 
commutator and extending to shaft of arnla- 



m 

ture which allows a short circuit to take 
place and causes fuse to be blown in circuit. 

THIRD-GROUNDED FIELD. -A 
grounded field is the result of the coil of wire 
composing same to become in metallic con- 
nection with motor frame at some point or 
other. This defect causes fuse to be blown in 
circuit, providing that a majority of the field 
circuit is cut out by this ground and shows 
up respectively with the series and parallel 
positions of controller, namely, when the de- 
fect is located in number 1 motor^s field cir- 
cuit the fuse will be blown on the series 
positions, and when located in number 2 
motor’s field circuit the fuse will be blown 
on the parallel positions of controller pro- 
viding both motors are held in eircuit by 
their respective cut-out switches. 

FOURTH-WEAK FIELD.-A weak field 
is caused by the insulation becoming carbon- 
ized, which allows a partial short circuit to 
be effected upon its own circuit. This defect 
causes fuse to be blown when using the last 
running position of a controlling device and 
can be located in either number 1 or number 2 





motor. It is also noticeable by the retarded 
movement of car when current is first ap- 
plied and on first position of controller, but 
afterwards by a sudden speed being effected 
by the motors. 

FIFTH— GROUNDED BRUSH HOLDER.- 
A grounded brush holder is the result of the 
metallic frame composing the same, becoming 
in connection with motor frames either by 
some metallic connection or by carbonization 
of brush-holder yoke. This defect causes fuse 
to be blown in circuit as follows : When the 
metallic frame is in metallic connection with 
motor frame and located in number 1 motor 
the car cannot be operated in either direc- 
tion, causing fuse to be blown on series 
positions with controller. When located in 
number 2 motor the car can be moved on the 
series positions, the fuse being blown on the 
parallel positions of the controller. 

When the grounded brush holder is caused 
by carbonization the fuse will be blown when 
using the last position of controller and can 
be located in either number 1 or number 2 
motor. To determine which motor carries 
this defect, first cut out number 1 motor, 
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testing the circuit of number 2 motor on 
series position with controller. If no fuse 
is blown with this test, the ground will be 
located in number 1 motor as cut out, but 
if fuse is blown, cut in the number 1 motor 
and cut out number 2, which will allow a 
test to be made with number 1 motor’s cir- 
cuit. 

When the wires P-1 and F-2 at the shunt 
connection becomes short circuited with 
each other, and both motor’s are cut in with 
their respective switches, a car cannot be 
moved in either direction, causing fuse to be 
blown on series position with controller, but 
can be moved in either direction when either 
number 1 or number 2 motor is cut out. 

MAIN MOTOR SWITCH. 

A main motor switch is an electrical de- 
vice placed in circuit of trolley wire in car 
wiring for the purpose of opening or closing 
that circuit at both ends of car. They 
also have several other names given them, 
namely, overhead switch, canopy switch, 
and are sometimes called auxiliary switches. 
The switches are so constructed that a blow- 



out magnet coil is placed in circuit with 
switch lever for the purpose of breaking an 
arc when opening the circuit. The magnet 
coils are inserted in interior of switch. 

FUSE BOXES. 

A fuse box is an electrical device placed in 
the trolley circuit of car wiring, for the pur- 
pose of opening a circuit (by the blowing of 
fuse) when an overload of current is applied, 
thereby protecting the electrical equipment 
of car. This device is usually constructed in 
box form, in which are inserted two binding 
posts, representing positive and negative 
poles of the device, to which are attached 
two wires, — one the trolley wire, which is 
attached to the positive binding post of the 
device, and the other wire attached to the 
negative binding post, is the wire leading to 
and connects with through lightning ar- 
restei* to trolley contact wiper in controller. 
The fuse box is usually equipped with a 
blow-out magnet coil, which is in connec- 
tion with the positive binding post of de- 
vice, the office of which is to extinguish the 
arc when fuse is blown. 
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LIGHTNING ARRESTER- 

The lightning arrester is a device placed 
on the trolley wire circuit of car wiring, be- 
tween the fuse box and the controller connec- 
tions, for the purpose of grounding an exces- 
sive charge which might occur on the line, re- 
sulting from lightning. This device is usually 
placed in the trolley circuit, between the fuse 
box and trolley contact wiper in controller 
or rheostat spindle in T. H. system. 

THE CAR MAGNETIC CIRCUIT 
BREAKER- 

A magnetic circuit breaker is an electrical 
device which works automatically on its 
own circuit with a certain amount of cur- 
rent. It is constructed for the specific pur 
pose of opening the circuit when an overload 
of current occurs, thereby protecting the elec- 
trical equipment of a car. When a car is 
equipped with this device it obviates the use 
of a fuse box in that circuit. This device is 
only in circuit with controller on that indi- 
vidual end of the car, so that when tending 
to operate car at the opposite end the circuit 
breaker last used should be tripped to open 



the eirctiit. The construction of this device 
usually consists of two binding posts, to 
which are attached the positive and negative 
wires, and in the circuit is placed a blow out 
magnet coil, the function of which is to 
attract what is known as the armature, and 
releasing the trip which secures the contact 
lever. The cause of this armature being 
attracted is the result of an overload of cur- 
rent, which is excessive to that of the adjust- 
ment on the graduating scale and increases 
the magnetic field so that the armature is 
attracted by the pole piece of coil. 

LAMP CIRCUIT* 

The lamp circuit used in cars is what is 
known as a series circuit, with usually 5 
lamps in the same, and the number of circuits 
in a car is one or more, and usually not to 
exceed three. One of these circuits is in con- 
nection with the headlight of the car, of 
which there are 6 lamps, but only 5 being 
placed in service by two-way lamp switch. 
The entire number of these circuits are con- 
trolled with one main lamp switch, usually 
for cutting in and cutting out circuit. 
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SERIES OF QUESTIONS AND ANSWERS 
RELATIVE TO THE OPERATION 
OF ELECTRIC CARS* 

Q. What is the office of a fuse ? 

A. To prevent an overload of current at 
the motor terminals. 

Q. How does a fuse prevent an overload of 
current at motor terminals ? 

A. By fusing or melting when an overload 
of current occurs in that circuit. 

Q. What is meant by an overload of current ? 

A. An overload of current means that 
amount of current which exceeds the carry- 
ing capacity of the fuse in circuit. 

Q. What produces an overload of current ? 

A. An overload of current is produced by 
grounds or short circuits in wiring of mo- 
tors, which causes a small amount of resist- 
ance and allows the load to rise, as per ex- 
ample : 

A line has 500 volts pressure, a motor be- 
comes short circuited with which ground 
causes little resistance. The amount of re- 
sistance being two ohms, the amount of cur- 
rent passing this circuit would be equal to 
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500 volts, divided by ttvo ohtns, which al- 
lows 250 amperes of current to pass. This 
would be an overload for a 150-ampere fuse, 
being exactly 100 amperes above the carry- 
ing capacity of the fuse. 

Q. Are there any other causes for produc- 
ing an overload ? 

A. Yes, an overload is also caused by im- 
proper use of controller, such as feeding too 
fast, or by reversing, or is caused by light- 
ning striking the line, which allows a heavy 
charge upon the line. 

Q. Why is the fuse made to be the weakest 
part of the circuit ? 

A. So as to rupture the circuit at that 
point. 

Q. Why is it necessary to rupture the eir- 
cuit at that point ? 

A. So as to protect the equipment. 

Q. At what part of the circuit is the fuse 
usually placed ? 

A. Between the second main motor switch 
and the lightning arrester or controller. 

Q. Of what material is a fuse usually com- 
posed ? 

A. A fuse is usually composed of lead. 
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with a certain amount of tin in its com- 
position. 

Q. How is the carrying capacity of a fuse 
designated ? 

A. By having the number of amperes 
stamped on one of the copper terminals of 
the fuse. 

Q. What precaution should be used in in- 
serting a fuse ? 

A. When inserting a fuse the composition 
part should be so bent as to leave an air 
space between the face of the fuse box and 
fuse, and terminals of fuse should be thor- 
oughly secured with thumb screws of bind- 
ing posts. 

Q. Why is it necessary to have an air space 
between the face of the fuse box and fuse ? 

A. To allow a current of air to pass 
around the fuse, thereby overcoming to a 
certain extent the rise in temperature caused 
by an overload of current. 

Q. Why is it injurious to the equipment to 
use any heavier than the regular fuse ? 

A. The office of a fuse is analogous to that 
of a safety valve on a steam boiler. If the 
safe carrying capacity of the boiler is 160 
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pounds to tlie square ifadh and the safety 
valve is set to blow off at 100 pounds, the 
boiler is safe; but if the valve is set at 200 
pounds there is danger of the boiler bursting. 
If the circuit of the motor requires a 100 
ampere fuse and a 200 ampere fuse should be 
placed in that circuit it would be liable to re- 
sult in damage to motors or controllers. 

Q. Why is it injurious to run on resistance 
points ? 

A. On account of heating resistance coils. 

Q. What causes the coils to heat ? 

A. By current being retarded by the resist- 
ance of coils. 

Q. Why is resistance used in a motor cir- 
cuit ? 

A. Resistance is placed in circuit, with a 
motor for the purpose of overcoming a rush 
of current to motor terminals, which would 
cause a too sudden movement of armatures. 

Q. How is the resistance sometimes spoken 
of relative to the motor circuit ? 

A. The resistance, in connection with a 
motor circuit, is sometimes termed exterior 
resistance. 

Q. What are resistance coils also called ? 



198 


A. Rheostat or diverter coils. 

Q. What are resistance coils composed of? 

A. For street railway motors the resist- 
ance is generally composed of long strips of 
iron ribbon. Several years ago resistance 
coils were composed of German silver wire, 
but for commercial reasons this has been 
discarded for either wrought or cast iron. 

Q. How are the resistance coils made up? 

A. Resistance coils are made up in two 
forms, one of which is known as the panel 
form, and are placed in layers, with asbestos 
between each layer; the other is cylindrical 
in shape, with asbestos or mica insulation, 
separating the layers of the coil. 

Q. Why is asbestos or mica placed between 
each layer ? 

A. To prevent the coils from being short 
circuited and to secure the full resistance of 
the coil. Both of these materials are insula- 
tors and are capable of standing a high tem- 
perature without deterioration. 

Q. What is meant by short-circuited ? 

A. A short circuit means that the current 
instead of going through its regular course, 
is carried to ground through a shorter 
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pathway on account of the lessening of re- 
sistance. 

Q. What are the safe running points on a 
G. E. K. or K-1 controller ? 

A. The safe running points are 3, 4, 6 
and 7. 

Q. What are the resistance points on a G. 
E. K. or K-1 controller? 

A. The resistance points are 1, 2 and 5. 

Q. What are the safe running points on a 
G. E. K-2 controller? 

A. The safe running points are 4, 5, 8 
and 9. 

Q. What are the resistance points ? 

A. The resistance points are 1, 2, 3, 6 
and 7. 

Q. What are the safe running points on a 
G. E. K-10, K-11, or K-12 controller. 

A. The safe running points are 5 and 9. 

Q. What are the resistance points ? 

A. The resistance points are 1, 2, 3, 4, 6, 
7 and 8. 

Q. How are the different points desig- 
nated ? 

A. The safe running points are designated 
by the long bars on the dial plates, and the 
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resistance points Bxe designated by the short 
bars on the dial plate. All these bars are 
raised above the surface of the plates. 

Q. What are the safe running points on a 
Westinghouse 28-A controller ? 

A. The safe running points are 4 and 7, 
marked^ respectively, % speed and fall speed. 

Q. What are the resistance points ? 

A. The resistance points are 1, 2, 3, 5 
and 6. 

Q. Where is number 1 motor located rela- 
tive to end of car ? 

A. Number 1 motor is always termed as 
being the motor nearest the fase-box. 

Q. Where is number 2 motor located ? 

A. Motor 2 is always termed as being the 
motor farthest away from the fase-box. 

Q. How is number 1 motor cut out in a G. 
E. controller? 

A. By throwing up the left-hand switch in 
controller. 

Q. How is number 2 motor cut out in a G. 
E. controller? 

A. By throwing up the right-hand switch. 

Q. How is number 1 motor cut out in a 
Westinghouse 28-A controller ? 



A. By pUciiig the handle of the number 1 
cut-out plug in a vertical position in both 
controllers. The number 1 cut-out plug is 
the bottom one. 

Q. How is number 2 motor cut out in a 
Westinghouse 28-A controller ? 

A. By placing the handle of the number 2 
cut-out plug in a vertical position in the con- 
troller that is being operated at the time. 
The number 2 cut-out plug is the top one. 

Q. What precautions are necessary before 
cutting out a motor ? 

A. Always throw off the overhead switch 
or circuit breaker. This should also be done 
when inserting a fuse. 

Q. Why is it injurious to the motors to run 
the car with the power on and brakes partly 
set? 

A. Because it heats the armatures and 
fields and destroys the insulation. 

Q. How does heating destroy the arma- 
ture and field-coil insulation? 

A. By carbonization. 

Q. What defect is liable to be caused by 
carbonized insulation of armature or field 
coils ? 
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A. A short circuit, or "ground, caused by 
the layers of the coils of wire coming in 
metallic connection with each other. 

Q. What is the result usually of running 
the car through water at an excessive rate of 
speed with the power on ? 

A. It is liable to produce short circuits 
in the motor with armature, field coils 
or brush holder yokes, also a possibility 
of producing short circuits in resistance 
coils. 

Q. What is meant by controller interlock- 
ing device? 

A. A controller interlocking device is a 
mechanical arrangement whereby the con- 
trolling cylinder is prevented from being op 
crated when the reverse handle is in the 
centre; also reverse cylinder is prevented 
from being thrown in either direction when 
controlling cylinder is placed in circuit or 
connection. 

Q. What systems are equipped with this 
device ? 

A. General Electric and Westinghouse prin- 
cipally. 

Q. How would you operate a car with a 
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grounded controlling cylinder equipped with 
a G. E. controller ? 

A. Usually the car is operated from the rear 
controller or by wiring from trolley wiper to 
wiper marked number 19 and wiring wiper 
number 15 to wiper marked E-1. This con- 
nection places both motors in series without 
resistance, and motors can be operated in 
either direction by setting of reverse switch 
and applying power to controller and thence 
to motors by means of the overhead switch, 
throwing it on to start and to the off posi- 
tion to stop. 

Q. How would you operate a car with en- 
tire resistance in circuit, motors in series 
and controller cylinder grounded and car 
equipped with a G. E. controller? 

A. Connect a wire from trolley wiper to 
R-1 wiper, and connect a wire from wiper 
marked number 15 to the E-1 wiper. Con- 
trolling direction of the car by means of re- 
verse switch, and applying the power with 
overhead switch. 

Q, Which wiper is the trolley wiper in a G. 
E. controller? 
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A, The one at the top the wiper board 
of controller, 

Q. Which wiper is the trolley wiper in a 
Westinghonse 28-A controller ? 

A. The one at the top of the controller. 

Q. Which wiper is the number 19 in a G. E. 
controller ? 

A. On a G. E. type K, or K-1 controller, the 
number 19 wiper is the 5th wiper down 
from the top. On a type K-2 G. E. con- 
troller, the number 19 wiper is the 6th one 
down from the top of the controller. On a 
G. E. type K-10, K-11 or K-12, the number 
19 wiper is the 7th wiper down from the top 
of the controller. 

Q. Which is the number 15 wiper in a G. E. 
controller ? 

A. On a G. E. type K or K-1 controller, the 
number 15 wiper is the 6th wiper down from 
the top of the controller. 

On the type K-2, the number 15 is the 7th 
wiper down from the top of the controller. 

On the type K-10, K-11 or K-12, the num- 
ber 15 is the 8th wiper down from the top of 
the controller. 
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Q.- Which wiper is the E-1 in a G. E. <»n- 
trolfcf ? 

A. On a G. E. type K, or K-1, the wipers 
marked E-1 are the 8th and 9th wipers 
down from the top of the controller. 

On a K-2, K-10, K-11 or K-12, the wipers 
marked El are the 9th and 10th down from 
the top of the controller. 

Q. Which is the R-1 wiper in a G. E. con- 
troller ? 

A. The R-1 wiper is the 2d wiper down 
from top of controller. This applies to all 
types of G. E. controllers. The R-2, R-3, 
R-4< and R-5 wipers, follow in numerical 
order. 

Q. In making these connections are there 
any precautions necessary ? 

A. As a safeguard it is advisable to throw 
the overhead switch to the off position, and 
be careful that the wires do not touch the 
controller casing or cover. Also insulated 
wire should be used, excepting at both ends, 
from which the insulation must be removed 
to secure proper contact. 

Q. How would you operate a car with a 
grounded reverse cylinder G. E. controller ? 
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A. By throwing reverb cylinder entirely 
out of connection and then wiring the re- 
verse contact wipers in pairs for a forward 
movement of the car and cross connect the 
reverse contact wipers for a backward move- 
ment of the car. 

Q, What is meant by connecting the re- 
verse contact wipers in pairs ? 

A. To connect the reverse contact wipers in 
pairs means, that the bottom contact wiper 
is to be taken as number 1, and that to be 
connected to the second contact wiper, up on 
reverse switch, which is number 2, leaving 
the remaining six wipers to be connected in 
pairs in a similar manner; or, to make it 
more plain, connect the third and fourth 
wiper together, which along with number 1 
and 2 wipers constitutes number 1 motor’s 
connections, then connect together the fifth 
and sixth wipers and also the seventh and 
eighth, which constitutes number 2 motor’s 
connection. 

Q. In which direction will the car run when 
the connections are made as previously ex- 
plained ? 

A. In a forward or go-ahead direction from 
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the end of car upon which the connections 
are made, 

Q; How would you obtain a backward 
motion of the car ? 

A. By a cross connection of reverse contact 
wipers. 

Q. How is the cross connection made? 

A. By connecting the bottom reverse wiper 
to the third wiper and connect together the 
second and fourth, which constitutes number 
1 motor’s connections ; also connect fifth and 
seventh wipers together and then the sixth 
and eighth, which constitutes number 2 mo- 
tor’s connections. 

Q. What would be the result if a blow-out 
magnet coil in a controller became grounded ? 

A. A grounded blow-out magnet coil in 
either controller will cause fuse to be blown 
in circuit when both overhead switches or 
circuit breakers are thrown on to close the 
circuit and controller being at oflF or normal 
position. 

Q. How would you run a car with a 
grounded blow-out magnet coil? 

A, By disconnecting the positive and nega- 
tive wires of same and connect together. 



This leaves the blow-out magnet coil entirely 
out of the circuit. 

Q. What is a blow-out magnet coil? 

A. A blow-out magnet coil is composed of 
a certain number of turns of insulated cop- 
per wire or ribbon wound on a core. 

Q. What is the office of a blow-out magnet 
coil in a controller ? 

A. To excite what is known as the pole 
piece for the purpose of producing mag- 
netic lines of force, so as to break the arc 
when throwing the controller to the off 
position. 

Q. Why is it necessary to break the arc ? 

A. To protect the controller from grounds 
or short circuits, which might be caused by 
an arc held in the controller. 

Q. What other precautions are taken to 
minimize the arc at contact wiper point ? 

A. Controllers are also equipped with 
what is known as arc deflectors or barriers, 
which are placed between each contact wiper 
to prevent an arc being blown from one con- 
tact wiper to another, and on G. E. control- 
lers are attached to the swinging pole piece 
of the controller. 



Q, Why IS it injurious to apply the power 
too abruptly? 

A. When the power is applied too abruptly 
it allows a rush of current to motor terminals 
and is liable to produce short circuits in mo- 
tors, either on brush-holder yoke or arma- 
ture circuits . There is also a possibility, with 
the aforesaid defects, of a current backing up 
in the controller and causing short circuits or 
grounds. In regards to mechanical defects 
liable to result from a too rapid application 
of the power there is a possibility of stripping 
the gears and pinions. 

Q. What is meant by an emergency stop 
with controller ? 

A. By an emergency stop is meant to make 
a stop with the controller irrespective of the 
power in the line or brakes on car. 

Q. How is the stop made ? 

A. By throwing to off position the over- 
head switch then throwing the reverse handle 
in the opposite direction from which the car 
is proceeding and then throwing the control- 
ler cylinder handle to the last parallel posi- 
tion, allowing it to remain there until the 
effect is produced. 



Q. How is this effect produced ? 

A. By a generation of current produced by 
the motors when held in opposite polarity, 
which tends to make the stronger motor a 
generator and the weaker one to be driven 
as a motor in the opposite direction. 

Q. What is meant by the stronger motor 
when both motors are supposed to be of an 
equal horse power, being also of the same 
type? 

A. The stronger motor relates to the 
strength of the magnetic field. 

Q. Under what conditions should this 
emergency stop be made? 

A. This stop is to be resorted to only when 
there is a failure of power on line and brak- 
ing apparatus out of order, so as avert an 
accident. 

Q. What would be the result if the reverse 
switches were set for a forward direction 
with both controllers and the power w^as ap- 
plied from one end ? 

A. The car could not be moved in a for- 
ward direction with either controller, and 
fuse would be blown in circuit on the series 
positions with either controller. 
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Q* Suppose that the reverse switch on 
number 1 controller were set for forward mo- 
tion and on number 2 controller set for a 
backward motion, what would be the re- 
sult? 

A. The car could be moved in a forward 
direction with number 1 controller on all po- 
sitions without blowing fuse. 

Q. What is meant by the series positions ? 

A. By a series position is meant that two 
motors are placed in circuit so that current 
flows through number 1 motor, but does not 
complete its circuit until passing through 
number 2 motor. 

Q. What is meant by a parallel or multiple 
position ? 

A. By a parallel or multiple position is 
meant that each motor is independent upon 
its own circuit. 

Q. What is liable to result by throwing 
the reverse switch with the power on as can 
be done with some makes of controllers ? 

A. This produces a short circuit in con- 
troller, causing fuse to be ruptured in circuit, 
also might cause short circuit in armature 
coils. 
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Q, What is the usual voltage on line in 
street railway work ? 

A. Five hundred volts. 

Q. What is a volt ? 

A. A volt is an electrical unit of pressure, 
and is the amount of pressure required to 
press one ampere of current through one 
ohm of resistance. 

Q. What is an ampere? 

A. It is an electrical unit of current. 

Q. What is an ohm ? 

A. An ohm is the electrical unit of resist- 
ance. 

Q. What is meant by the positive side of a 
circuit ? 

A. The positive side of a circuit is always 
termed as the side through which the current 
flows into a circuit. This is sometimes 
termed the plus side of a circuit. 

Q. What is meant by the negative side of 
the circuit ? 

A. The negative side of the circuit means 
the return side of the circuit — the side which 
the current leaves at. This is sometimes 
termed the minus side of a circuit. 

Q. What are the pole pieces of a motor ? 



A. The pole pieces of a iriotor are the iron 
ms^ets inside of the motor shell. 

Q. Are these temporary or permanent 
magnets ? 

A. They are temporary magnets. 

Q. Why are they called temporary mag- 
nets? 

A. Because they become magnets only 
when excited by the field coils which sur- 
round them. 

Q. When do they cease to act as magnets ? 

A. When the power is shut off. 

Q. How many pole pieces are there in each 
motor? 

A. Usually two or four. 

Q. When composed of two, are they known 
' by any technical terms to designate one from 
the other ? 

A. Yes; one a north pole and the other a 
south pole. 

Q. When composed of four, how are they 
designated ? 

A. Two are called north poles, and the re- 
maining two are south poles. 

Q. When a motor has four pole pieces, why 
are there two north and two south poles ? 




A. So that the magnetic field may be 
evenly balanced in polarity to allow the at- 
traction and repulsion of armature. 

Q. What has the attraction and repulsion 
of armature to do with the movement of a 
car ? 

A. It causes the armature to revolve, 
which is in a geared connection with the 
truck axle, thereby securing propulsion of 
car. 

Q. What are the difierent gear ratios of the 
several types of street railway motors ? 

A. The gear ratios range from 3 to 5 to 1 
approximately . 

Q. What is meant by gear ratio ? 

A. Gear ratio refers to size of pinion and 
gear. 

Q, Give a more definite explanation? 

A. A pinion has 17 teeth, or cogs, which 
meshes with a driving gear having 67 teeth 
or cogs. This gear ratio would be termed 4 
to 1 approximately. By 4 to 1 is meant 
that the armature would revolve 4 times 
to 1 revolution of the car wheels. 

Q. How are the gears and pinions made 
secure to truck axle or armature shaft ? 
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A. Gears are made secure by means of a 
key which is inserted into a key way cut into 
the truck axle and which protrudes above 
the surface of axle and fits into a key way cut 
into the hub of gear. The gear is then fast- 
ened by means of bolts. Pinions are made 
fast to armature shaft by means of a key. 

Some pinions are placed on armature 
shafts by means of expansion and become 
tightened or secure by contraction, while 
others are secured on the armature shaft by 
means of a key and nut on end of armature 
shaft. 

Q. How is the expansion of a pinion 
caused ? 

A. By heating. 

Q. How is contraction produced ? 

A. By cooling. 

Q. Why are circuit breakers placed in the 
overhead trolley wire at intervals along the 
line? 

A. The chief object of a circuit breaker in 
the overhead line is for the purpose of plac- 
ing the line in sections, so that in case of a 
defect on one section the other sections 
would not be affected. 



Q. Is it iniurious to run over line circuit 
breakers with the power on? 

A. It is. 

Q. What is an electric track switch? 

A. It is an electrical device used for open- 
ing or closing a switch for certain directions. 

Q. What is its construction ? 

A. An electric track switch consists of 
what is known as an electro-magnet, and the 
armature has what is known as an inverted 
pendulum attached, the point of which is 
conical in shape, terminating with full apex, 
and when switch is operated the conical part 
of this pendulum seats itself into a recess in a 
slide bar, which is in connection with switch 
tongue point. This device is placed below 
the street surface between the two rails of 
track. 

Q. What is its connection, and how oper- 
ated? 

A. The wire leading to electro-magnet coil 
is attached at one end to w’hat is known 
as the insulated track or rails, and the other 
end is connected to the positive binding post 
of the electro-magnet coil. A wire is also 
attached from negative side of coil to the 



i^turn wire of the track. This is a complete 
connection. 

It is operated, by the return circuit of mo- 
tor of the car, and truck or trucks must 
stand in full on insulated track to operate 
magnet. When switch is set for the proper 
direction of the car, the trucks are allowed 
to pass over the insulated section of track, so 
as to form a connection with main return 
wire. When the last-named condition exists, 
it must be understood that the power must 
be shut off while passing over insulated 
section, otherwise the switch would be 
thrown. 

Q. Is it dangerous to operate a car, at an 
excessive rate of speed over facing point 
switches ? 

A. It is. 

Q. In what way is it dangerous ? 

A. It is dangerous on account of the possi- 
bility of the switch-tongue being thrown by 
the forward wheel of truck and thereby de- 
railing the car. 

Q. Are there any dangers attached to the 
backing of a car without first turning the 
trolley pole ? 
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A. Yes. The danger of the trolley wheel 
becoming caught in the overhead line and 
becoming entangled which might possibly 
pull down the line, or possibly the trolley pole 
might become bent. Also the danger of an 
accident by car coming in contact with a per- 
son who might be crossing the street at the 
time. 

Q. Is it dangerous for cars to pass one 
another on a curve ? 

A. It is, owing to the possibility of car 
on the inner rail becoming derailed and re- 
sulting in a collision with car on the outer 
curve. 

Q. Should a car pass a standing car on the 
opposite track ? 

A. No. A full stop should always be made 
to allow any passengers that may have 
alighted from the standing car to cross the 
opposite track with safety. 

Q. When placing a car in car house, at the 
end of the day’s work, what should be done 
before leaving it ? 

A. See that the controllers are thrown to 
off stop and that the reverse switches are set 
at the centre, also that both overhead 
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switches are thrown to oflF stop and trolley 
wheel removed from the trolley wire. 

Q. Shouldamotorman allow an unauthor- 
ized person to operate his car ? 

A. No. None but authorized persons 
should be allowed to operate a motor car. 

Q. How would you be governed if the 
power was off of the line, relative to the op- 
eration of your car? 

A. See that the controller is thrown to off 
stop and turn on lamp circuit, so as to ascer- 
tain when the power is on the line again. 

Q. What should be done when power is on 
the line again after having been off relative 
to the movement of the car ? 

A. All cars should not be started at once, 
as this would place a heavy load on the line 
and cause the circuit to be opened again, pos- 
sibly by fuse being blown or circuit breaker 
being thrown out at the station. Some rail- 
road companies either have the series of even 
numbered cars start first or the series of odd 
numbers starting first. For example : 

Cars numbered 200, 202 and 204 would be 
even numbers, and cars numbered 201, 203 
and 205 would be odd numbers, 

14 
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Q. When the controller cylinder is thrown 
to the first position and the motors do not 
respond with circuit, what condition would 
probably cause it ? 

A, There are various causes for this fail- 
ure, namely, an open circuit in car wiring, a 
broken or short carbon brush, the trolley 
wheel resting on line circuit breaker, or car 
standing on a dead or dirty rail. 

Q. What is meant by dead or dirty rail ? 

A. A dead rail means that the rail upon 
which the carwheel rests are not connected 
to the adjoining rail, the bond having been 
severed. A dirty rail means that the rails 
are covered with dirt or dust, which tends to 
insulate the wheel from the rail, allowing no 
current to pass from wheel to rail, thereby 
opening the circuit. 

Q. How would you proceed to move a car 
on a dead or dirty rail ? 

A. By forming a circuit from the dead rail 
to the adjoining rail; if in case of a dirty 
rail, by forming a circuit from the wheel to 
the rail. Either of these cases can be formed 
by the use of a switch iron or an insulated 
copper wire. 
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Q. If upon throwing the power handle to 
the first position and car does not move, but 
upon throwing it off a flash in the controller 
is observed, what does it signify ? 

A. It signifies that a ground or short cir- 
cuit exists somewhere in motor circuit or car 
wiring, and usually the trouble is located in 
number 1 motor, or a possibility of it being 
located in the rheostatic circuit. 

Q. What precaution should be taken by 
motormen in getting controller handles and 
reverse handles for the several types of G. E. 
controllers ? 

A. Great care should be exercised in secur- 
ing the controlling and reverse handles for 
the several types of G. E. controllers, as the 
controller handles and reverse handles for the 
type K or K-1 controllers or K-2 should not 
be used on a type K-10 or K~ll controller, 
as the stop block on controller handle does 
not allow the last safe running position on 
controller to be placed in full contact and 
leaves a tendency to form an arc with contact 
wipers. When using a type K-2 reverse 
handle on a type K-10 or K-11 controller, 
the handle has to be adjusted upside down 



on tlie reverse spindle, which allows of a 
possibility, when reversing, to throw the re- 
verse switch out of circuit, which would be 
detrimental in avoiding an accident, as mo- 
tors could not be operated under this pre- 
vailing condition. When using the type 
K-10 or K-11 reverse handle on a K, K-1 or 
K-2 controller, the reverse could not be 
thrown owing to improper fit of handle. 

Q. When using a type K-2 reverse handle 
on a K-10 or K~ll controller, why is it nec- 
essary to place it upside down on reverse 
cylinder spindle ? 

A. Owing to the stop block projection 
on the reverse handle being too short to 
fit into the groove of the reverse stop-block 
bracket. 

Q. Why are cars equipped with M. M. 
switch, or circuit breakers, on each end of 
the car? 

A. The M. M. switch, or circuit breaker, 
is placed on each end of the car for con- 
venience to motorman to open the circuit 
when necessary. 

Q. What is the proper way to operate a 
car going.down a grade ? 
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A, With the controlling cylinder thrown 
entirely to off stop and brakes partly set and 
held firmly with the hand, so as to give a 
uniform speed in descending the grAde with 
car. 

Q. How should motormen be governed in 
the operation of car relative to the con- 
sumption of power? 

A. Motormen should allow their car to 
coast on down grades as much as possible 
with the power off. The reason of this is so 
as to save as much power as possible, which 
means a great reduction relative to the con- 
sumption of coal which is used to produce 
the electrical energy, thereby minimizing the 
cost. 

Q. What precautions should be exercised 
in operating a car during a fog or through 
dark streets ? 

A. Motormen should always have their 
car under full control and never allow the 
car to run at a high rate of speed. If a mo- 
torman can see a distance of 20 feet ahead of 
his car he should operate his car so as to be 
able to stop in that distance. 

Q. Should a motor or motors be built up 



quickly when the rails are in a gla2ed condi- 
tion or greasy ? 

A. No. The motors should be built up 
slowly so as to prevent the wheels from 
slipping as far as possible. 

Q. Should a car be operated with a hot 
journal bearing? 

A. No, only to operate the car to the near- 
est repair station. 

Q. What could be done if sket and ice was 
formed on the trolley wire, which prevented 
a contact with the trolley wheel to the trol- 
ley wire ? 

A. The trolley wheel should be removed, 
allowing the fork to act as a scraper, great 
precaution being used not to back up the car 
without first turning the pole. 

Q. What should be done when an arc is 
maintained after a fuse is blown ? 

A. Be sure and throw off main motor 
switch at once or else have the trolley wheel 
removed from the trolley wire. 

Q. What are some of the causes of sprung 
axles ? 

A. A few of the causes are as follows : 

Cars becoming derailed through careless- 



ness of motormen or from defective tracks, 
by wheel dropping into recesses of worn cast- 
ings. 

Q. What is the proper course to pursue in 
case of a badly sprung axle ? 

A. Allow wheel to turn to the position 
where it best fits the gauge of the track, then 
lash it securely to the side of the truck, so as 
to prevent wheel from turning; also to have 
motor cut out on this particular pair of 
wheels so that the car may be operated, al- 
lowing this set of wheels to slide to car 
house. 

Q. How can you tell when a car has a 
sprung axle? 

A. By the see-saw or lateral movement of 
the car while in motion. 

Q. What are some of the causes of flat 
wheels ? 

A. By too sudden an application of the 
brakes, causing the wheels to skid ; also from 
soft spots in the chill of wheels. 

Q. What are some of the causes of broken 
or chipped flanges on car wheels ? 

A. By allowing wheels to strike curves too 
abruptly, by wheel running off the rail and 



being moved over paving stones, or from 
small stones or other foreign material that 
mig^t be on the rail or track. 

Q. How could a motor be raised with its 
own power when dropped ? 

A. By cutting out the suspended motor, 
and if the dropped motor was on the rear 
end of the car in that direction, the reverse 
switch should be thrown ahead for the for- 
ward direction of car ; but if located on the 
front end of car in that direction, the reverse 
switch should be thrown for a backward 
motion of car. In either of these cases, only 
the first position on the controller should be 
used in raising a motor. 

Q. Why is a fuse liable to melt out if not 
properly secured with a full contact surface 
at terminal ? 

A. On account of its small area of con- 
tact surface, which would allow a high 
resistance, which consequently produces 
a high temperature, causing the fuse to 
melt. 

Q. What fuse 'are the most sensitive, cov- 
ered or uncovered ? 

A. Covered fuse. 



Q, Why are covered fuse used instead of 
uncovered, at the present time ? 

A. So that when fuse becomes ruptured, 
the covering prevents an exposure of the 
arc. 

Q. When a car equipped with two motors 
cannot be operated on the series positions, 
but may on the parallel positions, what 
would be the cause ? 

A. The. cause for this is what is known as 
an open circuit, and may be located either 
on the field or armature leads of motor or 
any of its contact connections representing 
the leads of those motors. 

Note. — ^When the open circuit occurs on 
number 2 motor, the number 1 motor can be 
operated with the indicator pointer of the 
controller when midway between the fifth 
and sixth positions. When the open circuit 
occurs in number 1 motor the number 2 
motor cannot be operated until the control- 
ling cylinder is placed in connection with the 
first parallel position of controller. 

Q. What is the correct position of a motor- 
man in operating a car ? 
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A. A xnotorman should stand a-ect, with 
right foot slightly in advance of the left, the 
left hand on power handle of the controller 
and right hand on the brake handle facing 
forward. 

Q. Supposing you are assigned to a car to 
begin your day’s work and you found that 
the controller handle could not be thrown 
beyond the last series position, what would 
be the cause and where would you look for 
trouble ? 

A. The cause would be that a motor is cut 
out with the cut-out switch in that control- 
ler, and the proper course to pursue in such a 
case would be to notify the shop foreman 
relative to the fact, or the man in charge. 

Q, What precaution should be taken, after 
having made a stop at a railroad crossing, 
and the conductor has gone ahead to flag 
same, relative to the starting of the car ? 

A. The motorman should always make 
sure that there are no passengers alighting 
to or from the car. 

Q. Suppose a contact wiper in the con- 
troller becomes bent or broken, how could 
this be remedied ? 



A. The most practical and reliable method 
to overcome the difficulty would be to take a 
contact wiper from opposite controller on 
the car. 


SEMAPHORE SIGNALS. 

Q. What are railway semaphore signals? 

A. It is a device used by railway compa- 
nies for the purpose of conveying a signal 
at a distance either for danger or for safety, 
of which there are two classes, one known 
as the home signal and the other as the dis- 
tant signal. 

Q. How is the home signal to be desig- 
nated from the distant signal ? 

A. The home signal is designated by the 
blade with the square end and is usually 
painted red. The distant signal is desig- 
nated by the fish-tail blade, and is usually 
painted green. These are known as day 
signals. 

Q. How are they designated at night? 

A. By means of different colored lights. 
The home signal, when set for danger, shows 
a red light, and when set for safety a white 
light. The distant signal is supplied with a 



green lens, and when the green light is dis- 
played it denotes that precaution should be 
taken on approaching the home signal, and 
when the white light is displayed it denotes 
safety. 

Q, If a green light is displayed on the dis- 
tant signal, and after passing it the home 
signal showed a red light, what should be 
done? 

A. The car should be brought to a stand- 
still. 

Q. Is there more than one semaphore 
arm on the same post ? 

A. There are in some cases two or more. 

Q. What do these arms represent and how 
explained ? 

A. When three semaphore arms are located 
on the same post they govern three tracks. 
The arm at the top governs the extreme 
right-hand track, the next lower or middle 
arm governs the track to the left of that 
track, while the lower arm governs the 
third track, or the track to the extreme 
left. 
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A BRIEF DESCRIPTION OF THE CON- 
DUIT STREET RAILWAY SYSTEM* 


The conduit electric railway system differs 
somewhat from that of what is known as 
the overhead trolley system. The conduc- 
tors of the conduit system are composed of 
angle iron bars supported by insulators. 
One bar is known as the positive bar, while 
the other is known as the negative bar. 
These bars are also sometimes called contact 
bars, or channel rails, and are placed about 
six inches apart and below the surface of the 
street. The current is conducted to the 
motors by means of what is known as the 
conduit plow, upon which is mounted the 
two sliding contact plates, one on each side 
of the plow, one acting as positive conductor 
and the other as negative conductor. The 
rails of this particular system are not bonded 
or connected, as on the overhead trolley sys- 
tem, as the circuit is completed by the nega- 
tive return bar. The placing of feeders in 
connection with the system is similar to that 
of the overhead trolley system. 
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SERIES OF QUESTIONS AND ANSWERS 
RELATIVE TO THE OPERATION 
OF CARS OF THE CONDUIT 
SYSTEM. 

Q. If a controller was out of order and 
could not be turned off, how would you open 
the circuit to the line to stop the car ? 

A. Turn off hood or canopy switch. 

Q. What should be done before attempting 
any repairs ? 

A. Turn off both ground and automatic 
switches. 

Q. If lights fail to light, what would you 
examine ? 

A. Automatic or ground switches. If 
switches are set right examine plow leads. 
If they should be disconnected and dragging 
on the ground, connect them at once. 

Q, If automatic switches or fuses blow 
two or three times in succession, what should 
be done? 

A. Locate and cut out the defective motor. 

Q. If the plow is grounded or commenced 
to bum, what should be done? 

A. The car should be kept moving, but not 



225 « 


with its own power if possible to avoid it. 
A car with the plow in this condition should 
have the automatic or ground switches 
turned off and be conveyed to a break in the 
underground conductor or a plow hatch, 
where the plow should be removed. 

Q. If a car with a burning or grounded 
plow is left standing on the rail, what would 
be the result ? 

A. The underground conductor would be 
burned and destroyed. 

Note. — In case a car becomes disabled and 
it appears that the plow springs or shoes are 
torn off, the motorman must warn his fol- 
lower to run carefully over the place where 
he believes the damage occurred. If two cars 
lose power in succession, the motorman on 
the following car must be warned not to pro- 
ceed until the underground conductors have 
been examined and put in order. 

Q. If any of the circuit-breaking devices 
on the car were grounded or loose connec- 
tions commenced to burn, what should be 
done? 

A. Turn off automatic or ground switches. 

17 



If tli^ switches were bttming and could not 
be turned off disconnect the plow leads. 

Q. How can you distinguish number 1 from 
number 2 controller ? 

A. By a short jumper wire in number 1 
controller connecting cables known as E 2 X 
and T 2. 

Q. Which end of the double-truck car is 
the short end? 

A. The end that the plow is on or the end 
that the register is on. 

POWER OFF AT BREAKS. 

At points where there is a break in the un- 
derground conductor as indicated by marks 
on the surface of the streets, power must be 
turned off when the front end of single-truck 
or short end of double truck cars reach long 
mark, and may be turned on at short marks. 
If on the long end of a double-truck car, 
power may be held six feet over long mark, 
and must not be turned on until the front 
end of car passes six feet over short mark. 
When the power is turned off at the long 
mark, the circuit is opened in the controller 
and the blow-out magnet can control and 
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break the arc ; but if the' power is held on 
when passing over a break, the circuit is 
open at the underground conductor, where 
there is no blow-out magnet to break the 
arc, and the heat caused by the arc is so in- 
tense that the plow fuse is burned, plow 
springs weakened, and sometimes sets the 
plow afire, which would in most cases 
ground the section. 


SPEED TABLE. 
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CUT SHOWING “NOARK” FUSE BOX, WITH FUSE INSERTED, 
AND COVER THROWN BACK. 


iCw' J - M b 




CUT SHOWING “NOARK” FUSE, 

The above cuts show a “Noark’^ Fuse 
Box, with fuse inserted, and cover thrown 
back, also a “Noark'' Fuse. 
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This tquipmoit is manisfactared by the H. 
W. Johas-MatiTille Company of New Yorh. 
Some of the largest roads in the conntry are 
now using this style of fuse box. 

The slate block, to which is attached the 
two binding posts, is firmly fixed and pro- 
tected in a solid well-japanned cast iron box 
as shown in the illustration. This box has a 
hinged cover and spring snap catch, which 
allows the cover to swing back and makes 
the inside of the box easy to get at and the 
insertion of a fuse but a moment^s work. 

The “Noark*’ fuse is a vast improvement 
over the old-time ordinary bare wire or lead 
fuse for several reasons, chief of which are 
that they do not rupture with a loud report 
and a heavy flash which is so liable to 
frighten the passengers, causing them to 
jump off of the car while it is in motion, 
often resulting in a damage suit against the 
company; frightening horses, which might 
be near the car, and cause a runaway, besides 
blistering the varnish and paint and black- 
ening up the sides of the car. This is a de- 
cidedly bad feature with the uncovered fuse, 
as sometimes before a car has been in service 


16 



m 

a week, after having been repainted and re- 
vamished, is all blackened and charred np by 
the blowing of fuse. 

A splendid advantage with the ^‘Noark’^ 
fuse is that there are no thumb screws to re- 
move to replace a fuse, as the fuse is simply 
snapped into connection with the slip con- 
tacts on the block which co-acts with the 
contacts at the end of the tube. All motor- 
men, who have had experience in replacing 
the old-time fuse, know how very difficult it 
is to insert a fuse properly in cold weather, 
when the fingers are benumbed with cold; 
and oftentimes the fuse is not properly in- 
serted on this account, and before the car 
has gone scarcely any distance the fuse has 
blown again owing to the imperfect inser- 
tion and which necessitates the insertion of 
another fuse. 

The writer has had considerable experience 
with the old-time bare fuse, and knows how 
difficult it is to properly insert a fuse in the 
winter time during a snow storm and when 
the thermometer is down around zero. 

The “Noark” fuse has a fusible conductor 
enclosed by a tube and a peculiar filling 
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known only to the manufacturers, entirely 
surrounding the conductor. Any arc or flash 
under short circuit, or from any other cause 
whatever, is entirely done away with by 
virtue of the enclosing casing and peculiar 
action of the surrounding filling. Owing to 
the arrangement of the surrounding material 
the blowing time interval at any period dur- 
ing the life of the fuse remains practicall}' 
constant, and simply varies in an inverse 
ratio to the amount of excess current above 
its rated capacity. 

A blown fuse should be preserved by the 
motorman and turned in to the proper per- 
son, as these blown fuse are returned to the 
manufacturers to be refilled and returned to 
the railroad company at a very much less 
cost than a new fuse, and it is therefore to 
the advantage of the railroad company that 
all blown fuse be preserved and turned in as 
suggested. 

Motormen should also be careful about the 
insertion of a “Noark” fuse, pushing the fuse 
well home into the clip contact in order that 
they may get the full benefit of the carrying 
capacity of the contact clips. 
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The last feature we would point out is that 
of the indicator. When a fuse is blown the 
indicator on the outside of the tube makes 
itself known to the motorman. A high re- 
sistance shunt in circuit with the main fuse is 
used which blows simultaneously with the 
fuse and leaves a small blackened mark on 
the outside of the tube as an indication of 
the blowing. 




